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(Wo. 54) Defendants’ Exhibit, “ Deposition of William 
X. Goodridge.” (Introduced by Defendants in 
this cause, from Printed Record, Bell Telephone 
Company et al. vs. Peter A. Dowd, pp. 68-110.) 


J. A. W., Sp. Exr. 
[Introduced in Record, p. 12.] 


Dcr Examination By CavusTex Browne, E, or CO FOR 
DEFENDANT : 


Int. 1. What is your name, age, residence and occupation ? 

Ans. William M. Goodridge ; I am forty-three years old; I re- 
side at Highland Park, Illinois, and am assistant to Mr. Elisha Gray 
in the development of his electrical inventions. 

Int. 2 When did you begin to be so employed by Mr. Gray? 
¢ Ans. In the early part of the year 1874. 

Int. 3. In what month of 1874, if you can state, did you begin to 
be exclusively employed in the manner you have stated ? 

Ans. May ; in the month of May. 

Int. 4. In what employment were you just before that? 

Ans. In the employ of the Western Electric Manufacturing Com- 
pany, of Chicago, Illinois. 

Int. 5. What relation, if any, was Mr. Gray at that time sustain- 
- ing to that company ? 

Ans. He was the superintendent. 

Int. 6. In the course of your employment by Mr. Gray have you 
had occasion to make or assist in or superintend the making of dif- 
ferent instruments for the electrical transmission of miusical 
tones ? 

Ans. I have. 

Int. 7. Did you do any such work for Mr. Que tient 
came exclusively employed by him, which you say was in May, 
1874? 

Ans. I did. 

Int. 8. Will you state what that work was? And if the instru- 
ment then made is shown in the drawing of any patent or 
sented by any model you have here, will you please refer tu 2 
patent or model? 
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Ans. I made an instrument for the purpose of transmitting two 
tones simultaneously or singly over a telegraphic circuit which cir- 
cuit was closed. That (pointing to model marked “ Defendant's 
Exhibit Gray’s Two Tone Transmitter) is a duplicate of the instru- 


ment which I made. 
(The exhibit referred to is put in evidence by the defend- * 

ant.) 
The instrament is also shown in vesious views in Mr. 


Gray’s English patent of July 29, 1874, being marked De- 
fendant’s Exhibit Johnson Patent, Gray's Magnetic Receiver, 
W. C. W., Ex’r.” (See p. 447.) 


Int. 9. You say you made this instrument before May, 1874; 
state as nearly as you can in what year and month it was ? 

Ans. It was made or commenced on the fourth of April, 1874. 

Int. 10. Did you see this instrument used at or about the time 
it was made? If so, who was using it and in what manner? 

Ans. I used it myself sufficiently to test its workings. I donot 
know or remember of seeing others use it at that time. 

Int. 11. As you used it, upon what were its transmitted tones re- 
ceived ? 

Ans. Upon a thin plate of metal, represented in figure 3, of the 
same patent I have referred to, representing the transmitting instru- 
ment. The plate of metal forming part of the circuit and being one 
pole, the body of the operator, being also part of the circuit, and 
being the other pole of the circuit, by rubbing the thin plate with the 
palm of the hand, sounds were produced between the plate and the 
hand. The plate used was a plate of tin or a sheet of German sil- 
ver ; an oyster can probably was also used for the purpose. 

Int. 12. Can you furnish us with a reproduction of the plate or 
sheet of metal, which you say was used as described .in the last 
answer ? 

, Ans. I can’t give you the exact shape or form of it, but I can 
give you a piece that will answer the purpose. There is a piece 
that will illustrate the plate used. 


(The witness refers to a tin plate, which is put in evidence 
and marked “ Defendant’s Exhibit Tin Plate Receiver, W. C. 
W., Ex r.“ See p. 447.) 
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Int. 13. What does the screw which is attached to the side of this 
exhibit represent ? 

Ans. A convenient form for connecting it in the circuit, but it 
was not used for the original test on the original plate, that connec- 
tion being made by resting the wire upon the plate or the plate 
upon the wire. 

Int. 14. What became of the two-tone transmitting instrument 
which you made and tried in the manner just described ? 

Ans. It was sent to Washington as a model for the Patent Office, 
to accompany Mr. Gray's application for his Animal Tissue patent, 
so called, being the grant granted July 22, 1875, No. 166,096, marked 
“ Defendant’s Exhibit Gray’s Animal Tissue Patent, W. C. W., 
Ex'r.” 

Int. 15. Did you after making the two-tone transmitter make an 
instrument for Mr. Gray for transmitting one tone? And if so, 
please describe the instrument which you so made ? 

Ans. I did. I have here an instrument, part of which is the 
original instrument, additions being added for convenience of con- 
nections of the line wires and battery. It consisted of a small elec- 
tro-magnet, with a piece of watch spring attached to one pole and 
extending across and free from the other; a screw was so placed 
that it touched the spring when at rest, the battery current passing 
through the magnet coil to the spring, from there to the screw, 
touching it back to the battery. The line wire was attached, one 
end to the screw the other to the spring, forming a continuouscircuit 
from the battery, through the magnet coils, over the line back to the 
battery. When this spring is in contact with the screw, the battery 
current is short-circuited through the magnet; when the spring and 
screw are separated the battery circuit is through the magnet and 
line ; when the battery current is short-circuited a portion of the 
current is still upon the line, so that the circuit on the line was al- 
ways closed. 


[“ The instrument referred to by the witness in the above 
answer and produced by him, is put in evidence for the de- 
fendant, and is marked “Gray's First Single Tone Transmit- 
ter. W. C. W., Exr.” See p. 437.] 


Int. 16. What parts of this model are the identical parts, as you 
said ? 
Ans. The magnets are the original ones. The watch spring is 
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new, but the clamp to hold it is the original piece. The heel iron 
is the original one. The new parts are the base boards and the 
mountings and the binding screw. 

Int. 17. State, as nearly as you can, the time when you made the 
instrument like Exhibit Gray's First Single Tone Transmitter? 

Ans. In the early part of May, 1874. . 

Int. 18. What means did you use or see used with this First Sin- 
gle Tone Transmitter, for receiving the transmitted tone over the 
closed circuit you have described ? 

Ans. I have used it and seen it used with all the various forms of 
receiver that we have used. 

Int. 19. Do you mean that you have used and seen used in this 
manner the identical instrument which you made in the early part 
of May, 1874? 

Ans. I do. g 

Int. 20. Please gescribe each of the receiving instruments you 
refer to as having been used to receive the single tone from the 
transmitting instrument just mentioned ? 

Ans. First. The animal tissue receiver, before mentioned. 

Seconp. Two improved forms of animal tissue receiver. 

Tap. A paper drum receiver. 

Founrn. A magnet receiver, with a hollow tin box placed on or 
near the poles. 

Firra. Another form of magnet receiver, consisting in a concave 
metallic di 

Sixru. Another form of magnet receiver, the magnets enclosed 
in a box. 

SeventH. Another form of magnet receiver, consisting of an iron 
plate mounted upon a sounding box. 

estore inertness — — 
of the particular forms I have mentioned. 

Int. 21. — — Gansitiiaiees 
tissue receivers, will you state what the first one was, and produce 
it, or a representation of it, and explain the manner in which it was 
used ? 

Ans. The first one consisted of a thin plate of German silver 
mounted upon a violin in place of the strings. This iustrument, 
which I have in my hands, is either the original one or one just like 
it. When used one of the line wires was connected with the plate, 
the other held in the hand of the operator; and by his rubbing the 


— — „ ~ = 


plate with the palm of the hand the tones sent by the transmitter 
would be produced between the plate and the hand. 
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The instrument referred to by the witness is put in evi- 
dence and marked “ Defendant’s Exhibit Animal Tissue Vio- 
lin Receiver. W. C. W., Exr.” (See p. 438.) 


Int. 22. When and where was Gray’s first single-tone transmitter 
first used with the violin receiver just put in evidence ? 

Ans. In the early part of May, 1874, at the works of the Western 
Electric Manufacturing Company in Chicago. 

Int. 23. Now, as to the second of the improved forms of animal 
tissue receiver, will you describe it and its operation, and produce. 
it, or a representation of it? 

Ans. In this instrument the plate of metal was mounted upon a 
revolving disk or drum, so as to attain a continuous forward motion, 
in copnection with the hand, instead of forward and back, as with 
the violin. I produce an instrument which is a substantial repro- 
duction of the instrument just described. 2 

The instrument produced is put in evidence for the defend- 
ant and marked Defendant's Exhibit Gray's Animal Tissue 
Revolving Plate Receiver. W. C. W., Exr.” (See p. 439.) 


Int. 24. In what year and month was this revolving drum re- 


ceiver first used with the first Gray single tone transmitter, in a 


closed circuit, as you have described ? 

Ans. I can’t give you the month, but the year was 1875. 

Int. 25. —— ee 
first that you knew of? 

Ans. The first that I knew of. 

Int. 26. Was this revolving plate receiver afterwards combined 


with a diaphragm transmitter for the purpose of transmitting articu- 


late speech through a closed electrical circuit ? 

Ans. It was. , 

Int. 27. Is this combination shown in an American patent taken 
by Mr. Gray ? 

Ans. It is (except that the form of the transmitter is different) 
shown in Mr. Gray's patent for speaking telephone No. 210,776, 
dated December 10, 1878. The diaphragm transmitter shown 
in the drawing of this patent is the kind known as the water trans- 
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mitter. The transmitter which was employed in the combination as 
T saw it was an Edison Carbon Transmitter. 


The Gray patent referred to by the witness is put in evi- 
dence for the defendant, and marked Defendant’s Exhibit 
Gray's Revolving Drum Telephone Patent. W. C. W., Exr.” 


Int. 28. Now, as to the paper drum receiver, will you describe it, 
and the manner of its use, in connection with the first single tone 
transmitter in the closed circuit, and produce it, or a representation 
of it, and state when it was first so used to your knowledge, and 
where? 

Ans. The paper drum receiver consisted of a short cylinder of 
metal, each end covered with gilt or silver paper, like the heads of a 
drum, the gilt or silver surface of the paper being in contact with 
the metal cylinder, a binding post was screwed to the cylinder in 
contact with it, into which was screwed a metallic handle insulated 
from it, with a binding post upon it. In using it, one wire of the 
line was connected to the binding post, fastened to the cyliader, the 
other wire fastened to the binding post or the handle. Upon hold- 
ing the handle by the hand and placing the paper drum head in 
contact with the ear, the sounds sent from the transmitter could be 
heard. This instrument was first so used in May or June, 1874, at 
the works of the Electric Manufacturing Company in Chicago. I 
produce an instrument representing it. 


The instrument produced by the witness is marked “ De- 
fendant’s Exhibit Paper Drum Receiver. W. C. W., Exr.” 
(See p. 440.) 


Adjourned to March 22, 1879, at 10.30 A. M. 


New York, March 22, 1879, 
10.30 A. M. 
Int. 29. Now as to the magnet receiver with a hollow tin box 
placed on or near the poles of the magnet; will you describe this 
receiver and the manner of its use in connection with the first single 
tone transmitter in the closed circuit, and produce it, or a represen- 
tation of it, and state when it was first so used, to your knowledge, 
and where ? 
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Ans. The receiving instrument consisted of an electro-magnet 
mounted upon a wooden base, upon which were placed two binding 
posts, to which the wires of the coil were connected when placed in 
the line, the line wires were also connected with the binding posts, 
forming a continuous circuit from the battery through the trans- 
mitting magnet and receiving magnet. A hollow tin box, with holes 
in the top, was placed upon or held near to the poles of the magnet, 
when so placed or held, the transmitted tone could be distinctly 
heard, varying in power the nearer the box was to the poles, with- 
out touching them. The first use of it was made in the early part 
of the month of May, or near the middle, 1874, at the works of the 
Western Electric Manufacturing Company, in Chicago. 

That is a representation of the instrument so used and de- 
scribed. 


The witness refers to the model, which is now put in evi- 
_ dence for defendant, and marked “Gray's Resonant Box 
Magnet Receiver. W. C. W., Exr.” (See p. 447.) 


Int. 30. What effect was obtained when the box rested upon the 
poles of the magnet as compared with the eftect obtained when the 
box was near to without touching the magnet? 

Ans. The tone was not as loud or as full as when a little sep- 
arated. 

Int. 31. Please describe the manner in which these tests were 
made, with the box touching the poles, so that we may judge of the 
value of the practical results obtained ? 

Ans The transmitting instrument would be placed in one room 


and the receiving instrument in another, the rooms being from 


eighty to one hundred feet apart, on the same floor. The sound of 
the transmitting instrument, disconnected from the line, could not 
be heard in the room where the receiving instrument was placed. 
In the room where the receiving instrument was, a great many 
noises and sounds could be heard from the running of machinery, 
said room being a little office partitioned off from a large workshop 
by a low partition, in which perhaps fifty men were employed and 
making a great deal of noise. When the two instruments were con- 
nected in circuit, and the tone being transmitted from the trans- 
mitter, and the hollow box resting upon the poles of the magnet, 
the tone from the receiver could be distinctly heard above the din 
by a number of persons standing in the room, When the hollow 
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box was separated slightly from the poles, the tone from it could 
be heard outside of the small room—in the large one. 

Int. 32. Which face of the box was held to or near the magnet— 
the plain face or the perforated face? 

Ans. The plain face. 

Int. 33. When the box was held off from the magnet, how was it 
supported in that position ? 

Ans. Sometimes by holding the box in one hand and the magnet 
in the other, and moving them nearer or farther apart, letting the 
hands rest upon each other to prevent the two from touching; and 
sometimes by placing upon the heads of the magnet a piece of wood 
or rubber or other substance, and resting the box upon that, which 
would keep it separated from the poles the required distance. 

Int. 34. Returning for a moment to the revolving drum receiver 
which you described yesterday, was this ever used by Mr. Gray or 
under his directions, to your knowledge, with an induction coil. If 
so, will you state when first, and where it was, and describe the ar- 
rangement used and the manner of its use ? 

Ans. It was used with an induction coil, the primary wires some- 
times being attached to the line wires—+. e., the wires extending 
between the transmitting and receiving stations—and sometimes 
the secondary wires so attached. The revolving drum, when the 
line wires were attached to the primary wires of the coil, would be at- 
tached to the secondary wires, and when the line wires were attached 
to the secondary wires of the coil, the revolving drum would be at- 
tached to the primary. In this case the current reproducing the 
tone between the plate of the drum and the hand would be an in- 
duced current. The first time I remember of its being so used was. 
in the month of March, 1876, in Philadelphia. It may have been 
so used before, but I do not now recall it. 

Int. 35. Coming now to the fifth form of receiver which you men- 
tioned in your twentieth answer as having been used to receive the 
single tone over the closed circuit from Gray's First Single Tone 
Transmitter, namely, a concave metallic diaphragm, - will you state 
when and where such receiver was first made and used to your 
knowledge, and by whom was it made and by whuse directions? 

Ans. It was made in the month of July, 1874, at the works of the 
Western Electric Manufacturing Company, by a man in their em- 
ploy by the name of Rand, under my direction, in pursuance of in- 
structions from Mr. Gray; and the first time it was used with the 
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single tone transmitter was at the works of the Western Electric 
Manufacturing Company during the same month. 

Int. 36. Will you describe the apparatus which you have just 
referred to as the magnet receiver with concave metallic di 
and the manner of its use, and produce it or a _fac-simile of it? 

Ans. It consisted of an electro-magnet, mounted upon a stan- 
dard which was fastened to a wooden base in combination with an 
iron pan forming said concave diaphragm, also mounted upon a 
standard fastened to the wooden base spoken of, in such a manner 
that the poles of the magnet were in the bowl of the pan, and so 
arranged, that with an adjusting screw the poles of the magnet 
could be placed in contact with the bottom of the pan ordiaphragm, 
or separated from it; an additional brace was attached to the mag- 
net, or standard holding the magnet, for supporting the upper rim 
of the pan, said brace being sometimes used and sometimes removed 
entirely ; the wires from the coil of the magnet were attached to 
binding posts, also fastened to the base. When in use for receiving 
tones, the line wires were connected to the binding post, forming a 
continuous circuit through the transmitting and receiving magnets 
and battery. There is here present the original instrument made 
as I have described, and also a fac-simile thereof, which I have 
caused to be made at the request of the counsel for the defendant. 


The fac-simile instrument referred to is put in evidence 
for the defendant, and marked Defendant's Exhibit Gray's 
Concave Metallic Diaphragm Magnet Receiver, W. C. W., 
Ex'r;“ the original instrument referred to by the witness 
being subject to inspection and comparison with the fae- 
simile as may be desired by the counsel for complainants at 
any time during the preparation or hearing of the cause. 
(See p. 441.) 


Int. 37. Was the original instrument just above referred to 
taken to Europe by Mr. Gray? if so, when? 
Ans. It was; in the month of August, 1874. 
Int. 38. I wish now to direct your attention particularly to the 
use by Mr. Gray, or under his direction, prior to his going abroad 
in August, 1874, of the two receiving instruments represented re- 
spectively by Gray's Resonant Box Magnet Receiver and Gray’s 
Concave Metallic Diaphragm Magnet Receiver.” You have spoken 
of both of these receiving instruments as used prior to August, 
1874, in connection with Gray's first single tone transmitter in a 
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closed circuit. If other transmitting instruments were made and 
used by Mr. Gray, or under his direction, prior to August, 1874, for 
the electrical transmission of musical tones received upon either of 
the receiving instruments mentioned in this question, please de- 
scribe these several transmitting instruments in the order in which 
they were produced and used, and the nature of the circuit which 
was maintained between the transmitter and the receiver; and pro- 
duce such transmitting instruments, if you can, or true reproduc- 
tions of them. 

Ans. In May, 1874, there was constructed, after a variety of ex- 
periments, a musical instrument for transmitting melodies. It was 
constructed substantially upon the plan of the single tone trans- 
mitter before alluded to. It was a combination of eight single tone 
transmitters in one instrument. The connections differed from the 
single tone transmitter in that when the keys were open or up, the 
line wire and battery wire were both open. There was a key for 
each reed, answering to the key of a cabinet organ. When one key 
was closed, the reed, and magnet connected with it, operated in ex- 
actly the same manner that the single tone transmitter did. 

In the month of July, 1874, another instrument was made, con- 
sisting of two octaves of reeds with semitones. The first instru- 
ment spoken of consisted of eight reeds, representing the diatonic 
scale; the second instrument was like the first, except the addition 
of more reeds and keys. One other difference : instead of using a 
magnet for each reed, in the second instrument two reeds, and in 
one case three reeds, were placed upon the magnets. The connec- 
tions were the same in both instances. During that same month, 


July, 1874, two additional single tone transmitters were made, one 


exactly like the reed and magnet in the first musical transmitter; 
the other, similar, but with primary and secondary wires wound 
upon the magnet, forming an induction coil. The single tone trans- 
mitters were in closed circuits when used. All the transmitters I 
have described in this answer were used in connection with the two 
receivers mentioned in the question before Mr. Gray went abroad 
in August. Except as I have specified, the single tone transmitters 
were similar in construction to the first single tone transmitter men- 
tioned by me. I have here the two single tone transmitters made 
in July, 1874, if it is desired to examine them. I have also the two 
octave transmitting instrument I have described. The single octave 
transmitting instrament is in Chicago. 
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The two octave instrument produced by the witness is put 
in evidence for the defendant, and marked Defendant's Ex- 
hibit Gray’s Two Octave Transmitter, W. C. W., Ex'r.” (See 
p-. 441}.) 


Int. 39. For what purpose were the two multiple transmitters 

(the single octave and the double octave) designed and used? And 
for what purpose were these single tone transmitters, made in July, 
1874, designed and used ? 
Anus. The two multiple transmitters, single and double octave, 
were made for the transmission of melodies. The two single tone 
transmitters were made to show how tones could be used for tele- 
graphic purposes or messages. ee 

Int. 40. And were the two sorts of instruments used for these 
respective purposes, in connection with the resonant box receiver 
and the concave metallic diaphragm receiver, before Mr. Gray went 
abroad in August, 1874? 

Ans. They were. 

Int. 41. Will you now state on what occasions and to what ex- 
tent and with what results such uses were made by or under the 
direction of Mr. Gray before he went abroad in August? 

Ans. The first multiple transmitter was not used by me, I be- 
lieve, in connection with either of these receivers, but was sent to 
New York and exhibited there in connection with Gray’s resonant 
box magnet receiver, by Mr. Gray, in the month of May or June, or 
both, 1874. The second multiple transmitter (two octaves) was 
tested at the works of the Western Electric Manufacturing Com- 
pany, in connection with both forms of receiver spoken of (the re- 
sonant box and concave diaphragm), in the month of July, 1874, and 
exhibited during the same month in Chicago, between the office of 
Gen. Stager, superintendent of the Western Union Telegraph Com- 
pany, Chicago, and the works of the Western Electric Manufactur- 
ing Company, of Chicago. The distance of the two instruments 
apart was about three-quarters of a mile, the receiver being at the 
office of Gen. Stager and the transmitting instrument at the other 


+» end. The two single tone transmitters were experimented with in 


connection with both forms of receivers at the works of the Western 
Electric Manufacturing Company, but not exhihited, to my know l- 
edge, except as people came in while being experimented with and 
seeing them. 

Int. 42. Referring particularly to the exhibition of the double 
octave multiple transmitter with the resonant box receiver and con- 
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cave diaphragm receiver in July, 1874, between Gen. Stager's office 
and the works of the Western Electric Manufacturing Company, 
state, as nearly as may be, how many persons witnessed this exhib- 
ition, naming such of them as you can, first stating whether the 
exhibition was public or private. 

Ans. I do not know whether it was a public or a private exhib- 
ition, nor what persons were present, and I don’t know but I ought 
to add which of the receiving instruments, if either, was used, I 
being at the transmitting end, three-quarters of a mile away. 

Int. 43. As regards the demonstration which took place previ- 
ously, at the works of the Western Electric Manufacturing Com- 
pany, did you assist in that, and if so, at which station ? 

Ans. I did assist in that, principally at the — station, 
occasionally changing to the receiving station. 

Int. 44. Was this demonstration conducted between the same 
two rooms you mentioned before when speaking of the first single 
tone transmitter, or between other points in the shop? 

Ans. In both places,—in the rooms spoken of previously, and in 


the same room, with instruments near together. 


Int. 45. Can you name any persons who witnessed these demon- 
strations at the shop? 

Ans. I can name persons that I feel very positive were there; 
Mr. E. M. Barton, secretary of the Western Electric Manufacturing 
Company, Mr. N. G. Kellogg, Charles Lewis, foreman of the shop. 
Those are all the names I would specify, but there were fifty to one 
hundred men employed there who could have seen it, and probably 
many of them did. 

Int. 46. Please state the result of the demonstration had at that 
time with the apparatus you have referred to? 

Ans. The result was satisfactory; so much so that the appara- 
tus was shipped to London, England, to exhibit to certain scientific 
men there. 

Int. 47. In this demonstration of the Western Electric Manufac- 
turing Company's shop, in what, if any, different ways were the res- 


onant box and the concave metallic diaphragm used as regards con- 


tact with, or proximity to the magnet; and with what comparative 
result as to the distinctness of hearing or reproduction of the tones, 
whether as regards a comparison of the two forms of receiver with 
one another, or as regards the cumparison of different positions re- 
latively to the magnet to which either was adjusted ? 


Ans. The instruments were used sometimes with the magnet in 
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contact with resonant box and concave diaphragm, and also at vari- 
ous degrees of distance apart. Distinctness of hearing or repro- 
duction of the tones was better when the box and concave diaphragm 
were separated from the magnet: I do not know that we tried to 
determine which form of receiver was the best for reproduction of 
the tone or hearing. The concave diaphragm magnet receiver was 
the most convenient form for using, as it could be adjusted and re- 
main adjusted so that it could be used a second time without having 
to stop to adjust. 

Int. 48. How far from the resonant box or concave diaphragm 
conld you stand and hear distinctly the tone transmitted to it and 
received by it in the demonstration you are describing ? 

Ans. I don’t know how far we could have heard the sounds; we 
did stan 1 about the receiving instrument perhaps about three to ten 
feet from it and heard it distinctly. 

Int. 49. Was there any difference that you noted or remember 
between the resonant box and the concave diaphragm as to the dis- 
tinctness of hearing under similar relations of the two things to the 
magnet—similar proximity? 

Ans. I do not remember now a comparison of the two instru- 
ments in that respect. I mean the result of any comparison that 
may have been made, if any was made, which I do not remember. 

Int. 50. You have said that Mr. Gray went abroad in August, 
1874. Did you go with him? 

Ans. I did. 

Int. 51. What instruments did you and he take with you? 

Ans. The two-octave multiple transmitter, the two single tone 
transmitters made in July, the violin animal tissue receiver, the con- 
cave diaphragm magnet receiver. These, I think, were all the in- 
struments that we took. 

Int. 52. State what, if any, exhibitions of these instruments and 
their operation in circuit for receiving and transmitting musical 
tones, were made by you and Mr. Gray, or by him in your presence, 
while you and he were in Europe? 

A. The instruments were unpacked in the office of Warden, 
Muirhead & Clark, Regent street, London, in September, 1874. The 
multiple transmitter, with one or more receivers, was connected in 
circuit and exhibited to members of the firm, melodies being trans- 
mitted from one room and received in another. Afterwards, during 
the same month, the apparatus was removed to the office of Latimer 
Clark, No. 6 Victoria Chambers, London, and exhibited there to 
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him. Afterwards parts of it were taken to the laboratary of Prof. 
Tyndall, at the Royal Institution, London, and exhibited to him 
about the Ist of October, 1874. It was afterwards taken back to 
the office of Latimer Clark, and exhibited to such of his friends as 
he invited in. | 


Adjourned to March 24, 1879, at 10.30 A. M. 


New York, March 24, 1879, 10.30 A. M. 


Int. 53. What was the business of Warden, Muirhead & Clark, 
and what was their standing in that business in 1874 in England ? 

Ans. They were manufacturers and dealers of nearly all forms of 
telegraphic supplies, and I believe one of the largest firms in the 
business. 

Int. 54. State as nearly as may be how frequently and with what 
degree of publicity the exhibitions of those instruments were made 
at the office of Warden, Muirhead & Clark, at Regent street, and at 
the office of Mr. Clark, in Victoria Chambers ? 

Ans. At the office of Warden, Muirhead & Clark, I think the ex- 
hibition was only witnessed by members of the firm and perhaps 
one or two persons in their employ. I do not remember how many 
times, but the apparatus was in condition for exhibition several 
days. At the office of Mr. Clark, in Victoria Chambers, the appara- 
tus remained in working order two or three weeks—perhaps more. 
Idon’t remember exactly, and was exhibited to as many of his 
friends and as often as he desired. 

Int. 55. In your last answer you used the expressions “in con- 
dition for exhibition and in working order.” What doy ou mean 
by these expressions ? 

Ans. The instruments were connected with battery and with line 
and with each other, and could be used at a moment's notice. 

Int. 56. You say, The multiple transmitter, with one or more 
receivers, was connected in circuit,” &c. What receivers do you 
there refer to? 

Ans. I do not mean by that that there were two receivers in the 
line at once. I should have said, perhaps one or other of the re- 
ceivers was so connected. 

Int. 57. Were all the receivers which you took out with you 
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exhibited at one time or other in circuit * the multiple trans- 
mitter ? 

Ans. 8 eenishoorar hat e ebe 
end of the line, and could not tell positively which receiver was be- 
ing used. 

Int. 58. You say that parts of the apparatus were taken to the 
laboratory of Prof. Tyndall and exhibited to him. What parts were 
these ? 

Ans. The multiple transmitter, the violin animal tissue receiver, 
and, I think, the concave diaphragm magnet receiver and the paper 
drum receiver which we had made in England. 

Int. 59. When did you and Mr. Gray return to this country, and 
what did you do with the apparatus before leaving England ? 

Ans. We left England for home the 8th of October, I believe, 
1874. Before leaving the apparatus was taken to the office of War- 
den, Muirhead & Clark, and arrangements made with them for ship- 
ping it to this country. 

Int. 60. State, if you know, when the apparatus next came into 
the possession of Mr. Gray, and state all you know of your own 
knowledge in regard to its detention from his possession in the 
meantime. 

Ans. I did not see the apparatus after leaving England until 
some time in the fall of 1875. I know very little of the causes of 
detention. I understood it was through some informality with re- 
gard to the custom house. 

Int. 61. Did you finally receive them in the fall of 1875 at 
Chicago? 

Ans. I did. 

Int. 62. All which were sent out to England ? 

Ans. Yes, sir. 

Int. 63. After the multiple transmitter and concave diaphragm 
receiver so came into your possession again at Chicago, what was 
their history with reference to the place where and manner in which 
they were preserved, and with reference to any use made of them at 
Chicago or elsewhere for any purpose ? 

a Ans. They were kept at the works of the Western Electric 
' Manufacturing Company with other apparatus which we have stored 
there. The multiple transmitter was used as an exhibit in a suit 
of interference between Mr. Gray and Edison, and sent to Washing- 
ton as such exhibit, in May or June, 1877. The concave diaphragm 
yeceiver remained in the store-room in Chicago until sent to New 
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York for uses in this case. The multiple transmitter was finally 
returned to Chicago from Washington, and also brought to New 
York for uses in this case. 

Int. 64. Was there more than one resonant box magnet receiver 
like the exhibit of that name made in Chicago for Mr. Gray, and 
before he went abroad in 1874? 

Ans. There were two of them made. 

Int. 65. State what was the history of each ? 

Ans. One was sent to New York and exhibited there in connec- 
tion with the first eight-tone transmitter, in May or June, 1874, and 
left there, I believe. The other was sent to Washington as a model 
in a patent case. 

Int. 66. Do you mean as a model accompanying an application 
for a patent ? 

Ans. I do. 

Int. 67. What patent? 

Ans. The magnet receiver patent, I believe it is called No. 
166,095, July 27th, 1875. 

Int. 68. You described, last Saturday, certain tests which were 


made of the resonant box receiver with the first single tone trans- 


mitter in closed circuit, the operations being performed on premises 
of the Western Electric Manufacturing Company, the transmitting 
instrument and the receiving instrument being in separate rooms 
from eighty to one hundred feet apart. I believe you have not said, 
and I will ask you now to say, whom, if any one you can name, be- 
sides Mr. Gray and yourself, who witnessed this exhibition ? 

Ans. I cannot definitely state who did witness it, but think E. 
— Barton and Mr. M. G. Kellog were present, and probably 

ers. 

Int. 69. Was the exhibition conducted openly for the observa- 
tion of any who desired to see it, or was it privately ? 

Ans. It was not private in any sense. 

Int. 70. In speaking of this same exhibition or demonstration, 
you describe the manner in which the resonant box was supported 
when it was held near to, but not touching the magnet poles, and 
this you said was “sometimes by placing upon the heads of the 
magnet a piece of wood or rubber, or other substance, and resting 
the box upon that.” This description is, perhaps, not entirely clear. 
Will you state what you mean by the heads of the magnet and how 
the pieces of wood, &c., were made to properly support the box ? 
Ans. By heads of the magnet, I mean the hard rubber disks that 
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form the end of the spool through which the magnet poles project. 
When the resonant box was supported by pieces of wood or other 
substances, they were placed upon the rubber end of the spool 
near the outer edge and on opposite sides, the box resting upon 
them. ‘ 
Int. 71. Have you here, and will you produce a diagram model, 
representing Gray’s first single tone transmitter, and its battery con- 
nections, and the magnet receiver, and explain its operation of trans- 
mitting the tone through a closed circuit ? 

Ans. Yes; Ihave. (The diagram model produced is put in evi- 
dence for the defendant, and marked Gray's Closed Circuit Single 
Tone Transmission Apparatus, W. C. W., Examiner.”) The single 
tone transmitter is represented and marked with letter A, the magnet 
receiver with the letter B, the battery by C, a key in short circuit 
by D, and in this model, instead of two wires representing line and 
return, the return is represented by ground connections marked E 
and Ei, and the line by Fi. When the key D is opened, the battery 
current is through transmitting magnet A and line F, and receiving 
magnet B to the ground plates back to battery. When the key Dis 
closed the current passes through the transmitting magnet A to a 
point represented by G, where it divides, a portion going over the 
line F and receiving magnet B and ground plates back to battery, 
the rest passing through the core of the transmitting magnet A to 
the spring or reed, and when in contact with the screw (shown in | 
the model in contact with it), through it to the key back to 
battery. When the spring spoken of is in contact with the screw, 
most of the battery current is through the short circuit, making the 
transmitting magnet very strong, thereby attracting the spring to- 
ward the magnet and away from the screw, which sends all of the 
current over the line, which has the effect of weakening the power 
of the transmitting magnet, and allowing the spring or reed to fall 
back against the screw, which operation alternates or changes the 
power of the current upon the line. 

Int. 72. Did you after your return from Europe, make an ap- 
paratus, and for what purpose, such as is shown in Gray's Tuned 


Bar Receiver Patent No. 166,094, and if so, how soon after your 
return? 


Ans. I made or had made such an instrument as is described in 
Gray’s Tuned Bar Receiver Patent, in the months of November or 


December, 1874, for the purpose of analyzing or responding to a 
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particular tone or vibration sent from the transmitting station either 
alone or with others. 

Int. 73. At this time did you have such an instrument at both 
the receiving and transmitting stations of the line? 

Ans. The instruments were alike in form at the two ends, but 
differently connected, and were not interchangeable. 

Int. 74. During this winter of 1874 and 1875, did you have occa- 
sion for a multiple transmitter similar to that heretofore mentioned, 
if so, what did you do, the multiple transmitter sent from England 
being at that time detained in the Custom House as you have 


said ? a 


Ans. I had another one constructed with the same number of 
tones (two octaves with semi-tones). 

Int. 75. When was this done? And if an apparatus was at the 
time constructed which this multiple transmitter worked in con- 
nection with, will you explain the whole apparatus and its arrange- 
ments and purpose and operation, producing such representations 
of it as will be convenient for the purpose of explanation? 

Ans. This multiple transmitting instrument was made or com- 
pleted in December, 1874, and about the same time, during the 
same month, a new form of magnet receiver was made, which had, 
in the place of the spring or reed, a plate of iron about three inches 
in diameter, octagon in shape; said magnet and plate combined 
mounted upon a hollow wooden box for resonance. This (produc- 
ing an instrument) is the identical box and magnet spoken of; the 
thin octagonal plate of iron not now being mounted with it, but 
replaced by a different piece of iron, oblong in shape. The original 
octagonal plate I also have, and produce it. There were five of 
such plates and magnet receivers made at the same time, four of 
which magnets and plates were mounted upon resonant boxes, the 
other mounted upon three legs and used in different ways. 


The instrument produced by the witness is put in evidence 
for the defendant, and marked “Gray's Wooden Sounding 
box Magnet Receiver, W. C. W. Ex'r.” and the octagonal 
plate produced by the witness is put in evidence for the de- 
fendant and marked Gray's Octagonal Plate, W. C. W. 
Ex'r.“ (See p. 443.) 


In regard to this combination of magnet and octagonal iron 
plate, I would add that when a strong battery current was used, the 
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iron plate would sometimes be attracted and held firmly to the 
magnet. To prevent it we sometimes used a little brace of wood 
placed between the two coils of the magnet, one end touching the 
octagonal plate; the other touching the cross bar or heel iron of 
the magnet, and sometimes a piece of rubber or other substance 
would be placed between the plate and rubber head of the magnet 
at that side of the plate which was free from the magnet. 

Int. 76. What was the object of providing the means of greater 
resonance which you have described as appertaining to this appar- 
atus, and what use was made of the apparatus organized as you 
have described ? 

Ans. The object was to have the tone or tones reproduced loud 
enough to be heard in a large hall; and the use made of it at that 
time was an exhibition to the public in a church in Highland Park, 
Illinois, during the last week of December, 1874. 

Int. 77. Did you afterwards make or assist in making for Mr. 
Gray a modification of one of the magnet receivers you have de- 
scribed, with a view to the telegraphic transmission of messages 
over long lines? If so, please say when it was, and describe it, and 
produce it, or a representation of it? 

Ans. I made or had made, such modification as spoken of in the 
question for the purpose of a long line test, and have part of the 
original instrument here, which consists of a tin cup or dipper with 
a cover of wood upon which is mounted an electro-magnet in such 
a manner that when the cover is in place upon the dipper or box, 
the magnets are inclosed in the box, the poles of which magnet are 
nearly touching the bottom of the box. Upon the wooden cover of 
the box are mounted two binding posts, with which the wires from 
the magnet coil are connected. In the bottom of the box some 
holes are drilled for the purpose of letting out the sound. The 
binding post upon the side of the dipper or box was put on for a 
handle, into which sometimes was screwed a wooden handle. 

Int. 78. Will you produce the instrument which you described 
in your last answer as illustrating the apparatus inquired about, 
state what parts of it are the original parts, and what parts are a 
reproduction of the original parts ? 

Ans. I do produce it. (The instrument produced is put in evi- 


“lence for the defendant, and marked Diaphragm Box Magnet Re- 


ceiver, W. C. W., Ex'r.“) The tin box or dipper, as it stands, is the 


original part. The cover, magnet and binding posts are reproduc- 
tions of the original. 


Rox Magnet Receiver von gaid that it wae nrovided with an actecan 


plate, I would add that when a strong battery current was used, the yw 


Int. 79. Explain how you used this instrument ? 

Ans. This instrument was used in connection with a transmitting 
instrument upon a telegraph line between Chicago and Milwaukee, 
near the middle of February, 1875; and the manner of its use is 
represented by the diagram model marked “ Grays’ Closed Circuit 
Single Tone Transmission Apparatus.” 

Int. 80. When the apparatus was in operation, how was the 
receiver held for the purpose of receiving the transmitted tone ? 

Ans. I was not at the receiving end and did not see it used. It 
could have been held in the hand and applied to the ear, or it could 
have rested upon a table. 

| Int. 81. In the latter case, which side should be uppermost, and 
| in the former case, whith side should be applied to the ear? 

Ans. When resting upon a table, it could be placed upon its 
side or rested upon the cover and binding posts, the perforated tin 
diaphragm being outermost. When applied to the ear, the perfor- 
ated tin diaphragm was towards the ear. 

Int. 82. Have you since that time used it yourself in either, and 
which of the two ways you have mentioned ? 

Ans. I have in both ways. 

Int. 83. You have said that this instrument was used in con- 

- nection with a transmitting instrument upon a telegraph line be- 

- tween Chicago and Milwaukee, near the middle of February, 1875, 
under such arrangement as I understand you, for transmitting and 
receiving as shown in the diagram model marked “Closed Circuit 
Single Tone Transmission Apparatus.” At which station were you, 
and who was at the other station ? 

Ans. I was at the Chicago end of the line with the transmitting 
instrument, and Mr. Gray was in Milwaukee with the receiving ap- 
paratus. 2 

Int. 84. To what extent was this telegraphing operation with 
this apparatus carried on; and whether publicly or privately, and 
with what result? b 

Ans. It was used the greater part of one afternoon; say from 8 
three O clock, or half-past two to six o clock. It was not a private | 
exhibition, as the transmitting instrument was in a room occupied 
by fifty or more telegraph operators, all of them probably having a 
look at it. I can’t answer as to the other end, but think it was as 
public as the transmitting end. The results, I think, were satis- 
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Int. 85. When you were describing Gray's Wooden Sounding 
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Box Magnet Receiver, you said that it was provided with an octagon 
shaped plate under the magnet poles, in place of the oblong metal 
bar which is now in the exhibit. When was an instrument first 
used by Mr. Gray with the oblong bar as now appears in the 
exhibit ? 

Ans. I do not remember the date of its first use; it was in the 
spring or summer of 1875. 

Int. 86. In the case of the multiple transmitters which were made 
before you went abroad and directly after your return, how was the 
intensity of volume of the tones received affected by sounding two 
or more tones simultaneously upon the transmitter, after the manner 
of the musical chord, as compared with sounding one tone by 
itself ? 

Ans. The volume of the tone or tones was very much less when 
two tones were being transmitted than when only one was sent. 

Int. 87. To what was this difference due, and what change, if 
any, was afterwards made in the transmitting apparatus or its con- 
nections in order that exch tone of a chord should have a volume 
equal to that of one tone sounded separately? 

Ans. It was due to the fact that when two tones were being 
transmitted, the battery current was divided, part being vibrated by 
one reed, the rest by the other. When one tone alone was being 
sent, it vibrated the entire battery current. The change made to 
get the same volume for each tone was a change in the manner of 
connecting the battery so as to give to each vibrating reed a proper 
proportion of the battery. In this method of connecting up, no one 
reed can vibrate the whole battery current. 

Int. 88. Is the arrangement of the battery you have referred to, 
for the purpose of producing a number of tones simultaneously, 
shown in any of Mr. Gray's patents, if so, which? 

Ans. It is shown in two of them. In the patent, No. 175,971, 
“ Sounding Box Receiver Patent,” it is shown for transmitting and 
receiving two tones; and in the patent No. 186,340, “ Closed Circuit 
Patent,” it is shown for transmitting and receiving six tones. 

Int. 89. When first did Mr. Gray have and use an apparatus in 
which a multiple transmitter capable of sending a number of tones 
por fee p —̃ ũ ù A 
and with such multiple transmitter, a bar of metal opposite the 


Ans. The first I remember of such use was in September, 1875. 
He had the apparatus and could have used it then, and perhaps did, 
a month or more earlier. 

Int. 90. What, if anything, did you have to do with the making 
of this apparatus embodying the combination you have described ? 

Ans. I superintended the construction of it. It was made at 
the works of the Western Electric Manufacturing Company, in 
Chicago. 

Int. 91. In which one, if either, of Mr. Gray’s patents is the ap- 
paratus you have mentioned represented ? 

Ans. In Mr. Gray's patent No. 205,378, marked Gray's Com- 
mon Receiver Patent.” 

Int. 92. In this apparatus, was the composite tone which was 
transmitted by sounding a chord, for instance upon the transmitter, 
delivered to the ear at the receiving end in corresponding compo- 
site form ? 

Ans. It was. 

Int. 93. Why was not this result hindered by the sound of the 
fundamental tone of the oblong bar in the receiver ? 

Ans. Because of the fundamental tone of the receiver was prob- 
ably very much lower in pitch, or slower in rate of vibration, than 
the tones transmitted, for one thing, and not being one of the tones 
transmitted. 

Int. 94. Was an experimental use made of this apparatus at or 
about the time of its completion, and where, and to what extent, and 
with what results ? 

Ans. In my answer to the eighty-ninth question I speak of the 
first use I remembered of this combination. In September, 1875, 
in New York, in the Western Union building, the apparatus was set 
up and connected in the manner spoken of, and exhibited to a num- 
ber of people. 

Int. 95. On this occasion, were a number of telegraphic messages 
sent simultaneously through the medium of simultaneous musical’ 
tones; and if so, how many, and how distinguished or resolved at 
the receiving end ? : 

Ans. There were four messages transmitted simultaneously, and 
received by four persons, who wrote them down as they received 
them, each person selecting a tone and copying the message sent 
by use of that particular tone. 

Int. 96. When and where did you first see such an instrument 
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as is now commonlly called the Lover's Telegraph, and will you 
describe it ? 

Ans. I first saw this instrument in December, 1875, in Milwaukee, 
Wisconsin; it consisted of a short tube, or rather two short tubes, 
with a diaphragm stretched across one end of each, the diaphragm 
being a thin piece of skin or parchment, and having a strong thread 
fastened to the centre of each diaphragm, the thread being about 
twenty or thirty feet long. When used, the thread between the two 
diaphragms was stretched tightly, and upon a person speaking into 
one tube, the person holding the other by listening at the tube 
could hear and understand the spoken words, even if spoken in s 
w , 
Int. 97. State, if you know, when the Patent Office model of 
the apparatus shown in Mr. Gray's Printer Patent,” No. 179,549, 
was made. 

Ans. In the spring or summer of 1875. 

Int. 98. State, if you know, when the Patent Office model of the 
apparatus shown in Mr. Gray's Double-bar Magnet Patent” No. 
198,379, was made ? 

Ans. It was made in March, 1876. 


Adjourned to March 25th, 1879, 10.30 A. M. 


New York, March 25, 1879, 10.30 A. M. 


Int. 99. Have you at any time, in Chicago, undertaken to use 
experimentally any of the receiving instruments mentioned in this 
deposition for the purpose of transmitting or receiving, or both 
transmitting and receiving articulate speech ; if so, please state the 
time when it was done, the instruments which were used, the con- 
ditions as to distance, etc., under which they were used, and the 
results obtained ? 

Ans. In October or November, 1878, in Chicago, at the works of 
the Western Electric Manufacturing Company, I connected up 
several of the receivers mentioned ; namely, the resonant box mag- 


net receiver represented by Exhibit marked “Gray's Resonant Box 


Magnet Receiver; the concave metallic diaphragm magnet re- 
ceiver, represented by Exhibit marked “Gray's Concave Metallic 


Diaphragm Magnet Receiver,” and the diaphragm box magnet re- 
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ceiver, marked Exhibit Diaphragm Box Magnet Receiver,” in 
combination with an Edison Transmitter ; there was but one of the 
receivers in use at the same time. Upon speaking to the Edison 
transmitter the sound of the voice, or the spoken words was repro- 
duced upon either of the above mentioned receivers. Substituting 
the diaphragm box magnet receiver for the Edison transmitter, and 
having the concave metallic diaphragm magnet receiver connected at 
the other end of the line, upon speaking to the diaphragm of either 
one, words were heard by listening at the diaphragm of the other 
distinctly. The resonant box magnet receiver was also used as 
transmitter or receiver in connection with the other forms of re- 
ceivers spoken of, and words spoken to it, or the diaphragm of it, 
were heard from the diaphragm of the concave metallic diaphragm 
receiver or the diaphragm box magnet receiver. The distance 
between transmitting and receiving instruments was from fifty 
to one hundred feet, on different floors, there being no possi- 
bility of hearing what was said in one through the air in the other. 

Int. 100. Who talked when you listened through these instru- 
ments and vice versa ? 

Ans. Mr. N. G. Kellogg and Mr. E. M. Barton. 

Int. 101. Have you since the beginning of the present year as- 
sisted in certain experiments, conducted under the direction of Mr. 
Edward E. Renwick, relating to the telephonic transmission of ar- 
ticulate speech by means of the receiving apparatus mentioned in 
your deposition ; if so, when and where were these experiments 
conducted ? 

Ans. I assisted Mr. Renwick in some experiments during the 
month of February, 1879, in New York City, at the shop of the 
Western Union Telegraph Company, superintended by Mr. G. M. 
Phelps. 

Int. 102. In the course of these experiments did you use a re- 
ceiver such as Exhibit Diaphragm Box Magnet Receiver ; if so, 
state with what transmitter, with what battery power, and with 
what result ? 

Ans. Yes; the transmitter was an Edison Carbon Transmitter, 
the battery power sometimes being one cell (Callaud) and sometimes 
three and sometimes six. Words spoken to the carbon transmitter 
were heard and understood by the person listening at the receiver. 
Int. 103. Who was at the transmitting end ? 

Ans, I was for one, Mr. Glass, foreman of the shop, and Mr. 
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Renwick, also. I was sometimes at the transmitting end and some- 
times at the receiving end. 

Int. 104. In the course of the same experiments did you try with 
an Edison Transmitter a resonant box, square instead of round in 
form, but otherwise like that attached to the Exhibit Gray’s Reson- 
ant Box Magnet Receiver, and, if so, with what results, stating also 
whether the same persons were at the transmitting and at the re- 
ceiving end, as in the case mentioned in your last answer ? 

Ans. Yes. A square tin box was sometimes used on the magnet 
in place of the round one, with equally good results, and, I think, 
used by the same parti 

Int. 105. In each case, as I understand you, whether with the 
square box or with the round box, the box resting on the poles of 
the receiving magnet ? 

Ans. They did, while I was listening. 

Int. 106. I understand you to say that, as between the square 
box and the round box, both used as just described, there was no 
difference either in the distinctness or in the loudness of the articu- 
late sound proceeding from the receiving end, as regards what you 
yourself listened to; am I right? 

Ans. You are. ) 

Int. 107. Comparing these two forms of resonant box receiver 
with the diaphragm box magnet receiver, which gave a better result, 
if either, and in what degree and in what respect better ? 

Ans. The diaphragm box magnet receiver gave the best results, 
being louder. 

Int. 108. In the course of the same experiments, and with the 
same persons at the receiving and transmitting end, respectively, as 
before, and with an Edison transmitter, did you try Gray’s concave 
metallic diaphragm magnet receiver, and with what results ? 

Ans. We did, with results, as near as I can remember, the same 
as with the diaphragm box magnet receiver. In my listening I was 
not endeavoring to compare the instruments but to ascertain if I 
could understand spoken words. 


CRroOss-EXAMINATION BY CHAUNCEY Surrn, Esoq., of counsel for com- 
plainant : 


Cross-Int. 109. You have spoken of various trials which you 
made with certain instruments which have been referred to as ex- 
hibits in the case or with the originals, which the exhibits are de- 
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signed to represent. Have you given a full account of all the trials 
which you witnessed of the original instruments or of the instru- 
ments representing the originals which have been produced in evi- 
dence ? 

Ans. No, sir. 

Cross-Int. 110. Will you state what trials you witnessed of the 
various original instruments beyond those which you testified to in 
your direct examination, taking them in the order in which the ex- 
hibits were introduced in evidence ? 

Ans. Of the first two tone transmitting instrument, marked 
“ Gray’s Two-Tone Transmitter,” referred to in my eighth answer, I 
witnessed no use of it other than that mentioned in the tenth an- 
swer. The next instrument referred to was a thin plate of metal 
mentioned in the eleventh answer. I do not know that the original 
plate has been used since the time mentioned in the eleventh an- 
swer. We had about the premises plates of various kinds of metal, 
and we used what happened to be convenient for the purpose ; there 
were several oyster cans lying about, and my impression is that one 
was also used. 

The next instrument in order is mentioned in the fifteenth ques- 
tion. I believe I have not spoken of any particular trial made with 
this instrument, but stated that I had used it with all the various 
forms of receiver. 

Next, the improved form of animal tissue violin receiver, de- 
scribed in the twenty-first answer. This instrument has been used 
in a great variety of experiments. The original was sent to New 
York in May, 1874, and remained there, I think, about two years. 
While it was away others were made like it and used in place of it, 
and when it came back I could not tell which was the original. 

The next instrument put in evidence is mentioned in the twenty- 
third answer and marked “Gray’s Animal Tissue Revolving Plate 
Receiver.” The original instrument has been used a great many 


times in experiment at the works of the Western Electric Manufac- 


turing Company, and exhibited publicly. I cannot name all the 
trials I witnessed. 

The next instrument is described in the answer to the twenty- 
eighth question, and is marked “Paper Drum Receiver.” The 
original was used but a short time, and was soon destroyed. 

The next instrument is described in the answer to the twenty- 
ninth question, and is marked “ Resonant Box Magnet Receiver,” 
the original ; there were two originals, one of which I had never 
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seen used, aside from the use spoken of in this twenty-ninth an- 
swer; the other was sent to New York in May, 1874, and I am not 
sure that I have ever seen it since. 

The next instrument is described in the thirty-sixth answer, and 
marked “ Concave Metallic Disphragm Magnet Receiver.” I think 
I have mentioned all of the trials I have witnessed with this instru- 
ment. If there are others, they do not nowoccur to me. 

The next instrument put in evidence is referred to in the thirty- 
eighth answer, and is marked Two Octave Transmitter.“ I think 
I have referred in my evidence to all thetrials witnessed by me with 
the original instrument. 

The next instrument put in evidence is referred to in the seven- 
ty-fifth answer and is marked “Wooden Sounding Box Magnet 
Receiver.” I do not recall any trial I witnessed of the original in- 
strument other than I have mentioned in my evidence, unless it may 
have been some tests when it was first completed. 

The next instrument put in evidence is referred to in the seven- 
ty-eighth answer and marked “ Diaphragm Box Magnet Receiver.” 
I do not recall any trial with the original instrument other than I 
have mentioned. 

Cross-Int. 111. In your answer to the eighth interrogatory, in 
reference to Gray's original two-tone transmitter, a duplicate of 
which you have produced in evidence, you say. I made an instru- 
ment for the purpose of transmitting two tones simultaneously or 
singly over a telegraphic circuit, which circuit was closed.” Do you 
mean to be understood by this that that part of the transmitting in- 
strument which produced the tones to be transmitted was included 
in a circuit which was constantly closed ? 

Ans. I do not. 

Cross-Int. 112. Was there between that portion of the trans- 
mitting instrument to which I last referred and the receiving in- 
strument an electric circuit connecting them, which was constantly 
closed ? 

Ans. There was not. 

Cross-Int. 113. What, then, did you refer to in the answer, 
which I have quoted, as a telegraphic circuit, which circuit was 
., Closed ? 

Ans. To the secondary wires of the said transmitting instrument 
in connection with the line and receiving instrument. 

Cross-Int. 114. Was there a constant current flowing in this 
closed circuit ? 
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Ans. There was not. 1 
Cross-Int. 115. How did the breaks in the current in this circuit 
correspond with the breaks in the current of the circuit connected 


- with that portion of the transmitting instrument which produced 


the sound caused by the breaking of that circuit ? 

Ans. The impulses upon the secondary circuit were of the same 
rate, exactly as those produced in the primary circuit. 

Cross-Int. 116. Was this instrument, which you have produced 
in evidence as a duplicate of the original referred to in your eighth 
answer, made by yourself or under your direction? 

Ans. Under my direction. 

Cross-Int. 117. When was it made and for what purpose? 

-Ans. It was made in October or November, 1878, possibly a 
little earlier for use in this case. 

Cross-Int. 118. How many instruments like this, or like the 
original have been made in all, to your knowledge ? 

Ans. Three, including the original. 

Cross-Int. 119. You speak of this as a duplicate of the original. 
Is it a duplicate in all respects of the original, including the dimen- 
sions of the cores of the magnets, the size and length of the wire, 
and the manner in which they are wound? 

Ans. Probably the separate parts of this instrument are not ex- 
actly duplicates of corresponding parts of the original in point of 
dimension. The wire with which it is wound may not be exactly of 
the same length as the wires of the original. It was made from a 
Patent Office drawing of the original, and intended to be as near 
like the original as it could be made without having possession of 
the original, the original being in the Patent Office. 

Cross-Int. 120. Can you give the particulars mentioned in the 
last question as to the original instrument ? 

Ans. I cannot give you the dimensions nor the length of the 
wires ; the primary wire was wound first upon the coil, and the sec- 

wire upon that. 

Cross-Int. 121. Can you give the same particulars in respect to 
the instrument which has been put in evidence? 

Ans. Just the same. 

Cross-Int. 122. State whether or not, in the induction coil in the 
instrument produced in evidence, the wires of the two circuits are 
of the same size,and what their lengths are relatively to each 
other ? 

Ans. I cannot state positively whether there is a difference in size 
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of the two wires, as I did not see the wire wound upon it, and the 
size cannot be ascertained from the outside ; I suppose the primary 
wire to be larger than the secondary, as that is the customary way 
of winding induction coils ; in regard to the length of the wire, we 
pay no attention to the length, instead of which we speak of it as 
of being certain resistance ; in this case there is, probably, one or 
two ohms of resistance in the primary wire, and perhaps fifty ohms 
in the secondary ; I do not remember the exact proportions. 

Cross-Int. 123. You spoke of the original instrument being used 
in connection with the plate on which the tones of the transmitting 
instrument was reproduced ; was the reproduction of these tones 
the ultimate object of the use of the apparatus, or was there some 
other and further useful results to be obtained by it, as you under- 
stood it? 

Ans. I did not know whether there was any other object in view 
or not. 

Cross-Int. 124. Did you ever see it used for transmitting words 
or messages from a person at the transmitting instrument to a per- 
son at the receiving instrument ? 

Ans. I did not. 

Cross-Int. 125. You have produced an exhibit marked “ Defend- 
ant’s Exhibit Gray’s Resonant Box Magnet Receiver,” as represent- 
ing an original instrument, if I understand you, made in 1874; will 
you state whether or not the magnets and box are identically like 
the original instrument in respect to the dimensions of the parts, 


including the size and length of the wires ? 

Ans. I presume they are not identically like the original, as I 
understand the word. 

Cross-Int. 126. Do you remember what the dimensions of the 
original were ? 

Ans. Not exactly. 

Cross-Int. 127. Will you state as near as you can what the di- 
mensions were, including the size and resistance of the wire ? 

Ans I think the iron cores were a little less than half an inch 
in diameter, and about three inches long ; the wire upon them meas- 
ured about forty ohms in resistance. 

Cross-Int. 128. Do you remember whether that original electro- 
- magnet was constructed especially for use and connection with the 
single tone transmitter with which it was used, or was one manu- 
factured by the company for sale or for use for other purposes? 


24 DEFENDANTS’ EXHIBITS. 


A. We found a magnet such as was used by the company for in- 
struments of their construction, and adapted it to this purpose. 

Cross-Int. 129. What adaptation did it require ? 

A. Mounting it upon a wooden base with binding posts, as rep- 
resented by the exhibit. 

Cross-Int. 130. Do you remember also whether you found the 
box which was used in connection with it, or made one especially 
for it? 

Ans. I had two boxes made especially for the purpose. 

Cross-Int. 131. And were these boxes of the same dimensions as 
that which you have produced as a part of the exhibit ? 

Ans. They were not, exactly. 

Cross-Int. 132. In speaking of the use of the original instrument 
in connection with the single tone transmitter, I understand you to 
say that you reproduced the tones of the transmitting instrument ; 
did you understand that a reproduction of such tones was the ulti- 
mate object of the apparatus, or that it was designed to be used for 
attaining some other and further object ? 

Ans. I was not aware of any other object at that time. | 

Cross-Int. 133. Was that true also of the use of the instrument 
in connection with the original concave metallic diaphragm receiver 
which you have produced ? 

Ans. At the time it was produced it was. 

Cross-Int. 134. When did you first become aware, if ever, of any 
further use which was to be made of these instruments ? 

Ans. In the winter of 1874 and 1875, in experiments with similar 
instruments, we were led to believe that they could be used as re- 
ceivers for the human voice. 

Cross-Int. 135. By the use of the single tone transmitter in con- 
nection with which they were used ? 

Ans. No, sir. 

Cross-Int. 136. Was any effort made to use them as receivers for 
the human voice ? 

Ans. No, sir. 

Cross-Int. 137. Did you know of Mr. Gray's 8 the 
use of these receivers in connection with the single tone transmitter 
which you have described, or in connection with an instrument like 
the Exhibit Gray’s Two Tone Transmitter, for transmitting mes- 
sages or intelligence from a person at the transmitting instrument 
to a person at the receiving instrument ? 


Ans. I understood that that was the object of the invention—to 
transmit messages from one person to another. 

Cross-Int. 138. In what way? 

Ans. By the use of the tone or tones transmitted and received 
telegraphically, by breaking the tone or tones into short and long 
sounds, corresponding to the dot and dash of the Morse alphabet. 

Cross-Int. 139. Did you ever, in the use of the single tone trans- 
mitter in connection with the electro-magnet, of which a represent- 
ation is given in Exhibit Gray’s Resonant Box Magnet Receiver, use 
the electro-magnet alone for reproducing tones ? 

Ans. I did. 

Cross-Int. 140. And with what result? 

Ans. I heard the tone plainly. | 

Cross-Int. 141. Did you not know before you went to England 
that Mr. Gray contemplated the use of transmitters like Exhibit 
Gray’s Two-Tone Transmitter, in connection with an electro-magnet 
alone, for transmitting two telegraph messages simultaneously ? 

Ans. No, sir. 

Cross-Int. 142. When, if ever, did you first learn that he con- 
templated the use of the apparatus mentioned in that way ? 3 

Ans. I don’t know that I ever learned it. 

Cross-Int. 143. Did you ever know of his contemplating the 
transmission of two messages simultaneously by any means—and if 
so, by what means? 

Ans. I did, by the means of an electric current thrown into vi- 
bration by reeds differing in pitch, and receiving the results of such 
vibrations of currents upon instruments capable of responding to 
such vibration, receiving the two or more tones upon a single re- 
ceiving instrument or upon separate instruments designed for re- 
sponding each to a particular tone. 

Cross-Int. 144. When did you first know that ? 

Ans. I first knew of his contemplating accomplishing this re- 
sult in April or May, 1874. 

Cross-Int. 145. What instruments did you first know of by which 
this result was to be obtained, or sought to be obtained ? 

Ans. The two-tone transmitter, represented by Exhibit so 
marked, and the resonant box magnet receiver, represented by ex- 
hibit so marked. 


Adjourned to March 26, 1879, at 10.30. 
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New Tonx, March 26, 1879, 10.30 A. M. 


Cross-Int. 146. What batteries did you use in the various trials 
or experiments which you have mentioned in connection with the 
several receivers ? 

Ans. I think we used three different forms, Callaud’s or gravity 
battery, Grove battery and carbon battery ; sometimes using but 
one cell, and at other times a number of them. Just how many I 
do not remember. 

Cross-Int. 147. Will you give me the data as to the electro-mag- 
net used in connection with the concave metallic diaphragm re- 
ceiver, and also as to that used in connection with the diaphragm 
box-magnet receiver ? 

Ans. I have here the original instrument, concave metallic dia- 
phragm receiver, which can be examined as to its resemblance to the 
exhibit. The cores of the magnet are about half an inch in diame- 
ter, and about four inches long, perhaps a little more. The resist- 
ance of the wire upon the magnet I do not remember. I think the 
resistance isin the neighborhood of one hundred ohms. It may be 
more or less. The magnets of the diaphragm box receiver had 
cores of about an inch and one-half in length, and a quarter of an 
inch in diamater, and I think the wire upon them had from one to 
two hundred ohms resistance. 

Cross-Int. 148. Will you give the same data in respect to the 
electro-magnet of the first single tone transmitter, parts of which 
you have put in evidence ? 

Ans. The cores of the magnet were about an inch and a half 
long and a quarter of an inch in diamater, the wire upon them 
measuring two or three ohms. 

Cross-Int. 149. Was this original transmitter constracted speci- 
ally for the experiments which you made with it? 

Ans. The magnet was an old one, but the combination with the 
spring and contact screw was arranged especially for the experi- 
ments we made with it. 

Cross-Int. 450. Had you, before the construction of either the 
first two-tone transmitter or the first single tone transmitter, seen 
instruments used for interrupting a current by means of a spring 
and a contact point arranged as they were in the two original in- 
struments referred to ? 

Ans. I had. 

Cross-Int. 151. Will you explain how the breaking of the short 


DEPOSITION OF WM. M. GOODRIDGE. 3T7 


circuit in the first single tone transmitter operated to change the 
strength of the magnetism of the electro-magnet of the receiving in- 
strument ? 

Ans. The make and break of the short circuit operated to induce 
a current of electricity in the secondary wire, which charged the 
magnet as many times per second as the make and break occurred. 

Cross-Int. 152. Were there two coils in the electro-magnet of 
that transmitting instrument—a primary one and a secondary? 

‘Ans. I answered your question with reference to the two-tone 
transmitter. I see now that it was limited to the single tone. 
Speaking now of the single tone transmitter, by breaking or opening 
the short circuit, the entire current from the battery passed over 
the line through the receiving magnet, charging it strongly. When 
the short current was closed, a large portion of the battery current 
was drawn through the short circuit, leaving but a small portion up- 
on the line, which would reduce the strength of the receiving mag- 
net. Another effect was produced by this breaking of the short cir- 
cuit—an extra current was induced upon the line, which aided in 

Cross-Int. 153. What was the strength of the current derived 
from these two sources when the short circuit was broken, as com- 
pared with that arising from the battery alone when the short cir- 
cuit was closed. 

Ans. The instant of the break the current was much stronger 
than the battery current alone. The comparison I have never made. 

Cross-Int. 154. What difference was there in the action of the 
first two-tone transmitter, when only one key was used, and the ac- 
tion of the single tone transmitter in producing sounds on the same 
receiver with the same strength of battery current ? 

The two-tone transmitter induced a current of electricity in the 
mitter alternated the power of the battery current upon the line 
and through the receiving magnet, and induced a current also upon 
the line and through the receiving magnet. 

Cross-Int. 155. As to the sounds produced by the receiver, what 
difference was there when the springs which broke the current in 
the two instruments vibrated at the same rate ? 
tone would be louder than when one tone from the two tone trans- 
mitter was reproduced ? 

Cross-Int. 156. Was this difference in the loudness of the tones 


due to a greater difference in one case than in the other between 
the maximum and minimum strength of the magnetism of the elec- 
tro-magnet of the receiver during the vibration of the circuit break- 
ing spring? 

Ans. I think it was, partly, but there were other conditions 
which I cannot explain, but can be explained by an electrical ex- 
pert; as, for instance, the matter of quickness of charge and dis- 
charge of the magnetism of the receiving magnet in the two cases. 

Cross-Int. 157. In the use of these two transmitters, if I under- 
stand their operation, the change in the strength of the current, by 
virtue of which sounds were produced in the receiving instrument, 
took place when contact was made or broken between the vibrating 
spring and the contact point it was shown in the exhibits ; am I cor- 
rect in this? 

Ans. That is correct. : 

Cross-Int. 158. Did the springs exert any influence upon the 
currents during their movement after their contact with the contact 
point was broken until they returned into contact again ? 

Ans. In regard to the two tone transmitter they did not; with 
regard to the single tone transmitter the spring did exert some in- 
fluence after contact with the point was broken while approaching 
to and receding from the transmitting magnet. | 

Cross-Int. 159. You have spoken of two instruments, two single 
tone transmitters that were made after this first one, one of which 
had an induction coil and the other had not. Did these instruments 
operate respectively like the first two-tone transmitter when one 
key was used and the first single tone transmitter ? 

Ans. They did. 

Cross-Int. 160. In your answer to the eighty-eighth interroga- 
tory you refer to a patent, 186,340, called “Close Circuit Patent,” 
as showing as well as another patent mentioned, a certain arrange- 
ment of batteries. If your answer is intended to convey the idea 
that there was a continuously closed circuit between the transmit- 
ting instrument and the receiving instrument, will you explain what 
the arrangement was, and state whether or not a current was con- 
tinuously flowing between the transmitting instrument and the re- 
ceiver ? 

Ans. The transmitting instruments were placed in such relation 
to portions of the battery that they could short-circuit said portions 
of battery without being themselves in the closed circuit. 


=> 
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Cross-Int. 161. How did this arrangement differ from that of the 
first single tone transmitter ? 

Ans. In that there was no magnet in the transmitter in this ar- 
rangement through which the current from the battery passed. 

Cross-Int. 162. When was this arrangement first used by Mr. 
Gray? 

Ans. In March, 1875. 

Cross-Int. 163. State whether or not vibrating reeds were used 
to make and break the battery circuit, and, if so, how such making 
and breaking operated to effect the receiving instrument ? 

Ans. Vibrating reeds were used to make and break a short cir- 
cuit from a portion of the battery connected with such reed in such 
a manner that when the reed and contact point were in contact, the 
larger part of the current from that portion of the battery was di- 
verted from the line or closed circuit through the short circuit 
spoken of; and when said reed and contact point were separated, 
the current from that portion of the battery returned to the line or 
closed circuit, thereby alternating the effect of the current from that 


portion of the battery upon the line and through the receiving 


Cross-Int. 164. These changes in the strength of the current 
passing through the receiving instrument took place at the time 
when the contact was made or broken between the vibrating spring 
and contact point, did they not? 

Ans. They did. 

Cross-Int. 165. And the result was, if I understand it correctly, 
to increase and diminish the magnetism of the core of the electro- 
magnet of the receiving instrument at regular intervals, correspond- 
ing with the vibrations of the spring and by a constant amount? 

Ans. Yes, sir. 

Cross-Int. 166. At the commencement of the cross-examination 
I asked you to give an account of any trials which you had wit- 
nessed other than those spoken of in your direct examination of the 
original instruments which have been produced in evidence, or of 
which duplicates have been produced. Will you now give me an 
account of any trials which you may have seen made, beyond those 
spoken of in your direct examination, of instruments like the origi- 
nals, or substantially reproductions of them, giving the time of such 


trials and the purposes for which they were made? 


Ans. I used the duplicate of the two-tone transmitter 
mentally in October or November, 1878, in connection with the vio- 
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lin animal tissue receiver or duplicate of it, the duplicate of the res- 
onant box magnet receiver, the original concave diaphragm magnet 
receiver, the diaphragm box magnet receiver—using the identical 
one which had been put into the case as an exhibit—the wooden 
sounding box magnet receiver put in evidence as an exhibit with 
the octagon plate of iron in place of the oblong iron bar, the ani- 
mal tissue revolving plate receiver put in evidence as an exhibit, and 
the tin plate receiver put in evidence as an exhibit. In the place of 
the thin plate of metal mentioned in the eleventh answer, I have 
used a variety of plates differing in shape from the original, but 
substantially a reproduction of it in connection with various trans- 
mitters, some of which trial were made in May, 1874, other in July, 
1874, and other at different times from that time to the present, the 
purposes of such trials being, some of them experimental and others 
exhibitions. I have used the single tone transmitter with all the 
various forms of receivers, experimentally, but cannot specify par- 
ticular times of particular trials, except, perhaps, in October or No- 
vember, 1878, when I used it in place of the two-tone transmitter in 
similar experiments. The animal tissue violin receiver or duplicate 
of the original was used at an exhibition given in Highland Park in 
December, 1874, and had been used for similar purposes since that 
time. The animal tissue revolving plate receiver, or duplicate of 
it, I have seen used experimentally, but cannot give dates of such 
uses. A duplicate of the paper drum receiver I have seen used for 
receiving a telegraphic message, I think, in the winter of 1874-1875. 
I have seen it used at other times, but cannot give the dates. A 
duplicate of the resonant box magnet receiver I saw used in July, 
1874, experimentally, and saw it used about the same time for re- 
ceiving a telegraphic message in connection with one of the single 
tone transmitting instruments mentioned as having been made dur- 
ing that same month. I have seen it used since, but cannot give 
the particulars. The concave metallic diaphragm magnet receiver 
was used in October or November, 1878, in testing transmitting in- 
struments, one of which was the two tone transmitter made about 
that time (which has been put into this case as an exhibit); also the 
two single tone transmitters referred to as having been made in July, 
1874. A duplicate of the wooden sounding box receiver, put in evi- 
dence as an exhibit, was used in September, 1875, for reproducing 
melodies in connection with the transmitting instrument arranged 
for such transmission of melodies. One was also used for the same 
purpose in July, 1875, and a similar one in October, 1875, for the 


same purpose, and similar instruments, some of them differing a lit- 
tle in form, having been used at frequent intervals since that time 
for the same purposes; and on some of the occasions mentioned, 


perhaps all, a telegraphic message sent from the transmitting sta- 
tion was received from the receiving instrument. 


Adjourned to March 27, 1879, at 10:30 A. M. 


New Yore, March 27, 1879, 10:30 A. M. 


Direct EXAMINATION RESUMED : 


Int. 167. You said in your cross-examination (one hundred and 
thirty-fourth answer), In the winter of 1874-5, in experiments with 
similar instruments, we were led to believe that they could be used 
as receivers for the human voice;” what instruments were you 
using and what capacity in the receivers did you notice, which led 
you to believe they could be used as receivers for the human 
voice? 

Ans. We were using an instrument constructed for the purpose 
\of transmitting melodies, similar to the one put in evidence, and 
marked “ Gray’s Two-octave Tone Transmitter,” in connection with 
a duplicate of the resonant box magnet receiver. Some of the tones 
of the transmitting instrument were accompanied by a peculiar 
sound arising from the effect of a spark at the point of contact of 
the vibrating reed and contact screw. The peculiar quality of the 
tone at the transmitting instrument was reproduced exactly by the 
receiving instrument. 
Int. 168. Can you name any other experiment made by Mr. Gray 
| leading to or confirming the belief that the receiving iustruments he 
was using for musical tones could be also used for the human voice ; 
lit so, please describe the experiments ? 
Ans. In experimenting with an instrument for making and 
breaking a battery current by mechanical means, we noticed that 
we could vary the quality of the reproduced tone by a duplicate of 
the resonant box magnet receiver by certain manipulations of the 
- transmitting instrument. With this combination we did produce 
sounds very much like sounds produced by the human voice. We 
made a very good imitation of a groan, such as a person would pro- 
duce when in pain. 
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Int. 169. Will you describe what manipulations you refer to, 
stating whether or not they were of a character to affect the condi- 
tion of the current when the circuit was closed, and if so, how ? 

Ans. The transmitting instrument spoken of in the former an- 
swer was composed of a metallic shaft, upon which there was placed 
a wheel for the purpose of revolving it. Upon the shaft there were 
also two metallic cams, upon which rested levers of metal. Mounted 
under each lever was a contact screw, adjustible and so arranged 
that when the cut away portion of the cams reached the end of the 
levers the latter would drop and make contact with the screws. One 
battery wire was attached to one of the levers, the current passing 
to the screw, from that screw to the other lever, the other wire being 
attached to the other contact screw, so that when either was separa- 
ted the battery circuit was open. One or both of the levers could 
be used. Rubber springs were used to vary the contact. When in 
use the revolving shaft would break the current a definite rate per 
second, and while so running, by drawing upon the rubber springs, 
or by pressing upon the levers with the fingers, a variable degree of 
contact would take place, which variable degree of contact would 
produce variations in the quality of the tone produced by the re- 
ceiving magnet. 

Int. 170. If youhave it here, will you produce the apparatus 
you have referred to? 

Ans. I do produce it. 


(The apparatus produced is marked Defendant's Exhibit 
Gray's Mechanical Transmitter, W. C. W., Ex’r.” See p. 445.) 


Iwill add to complete my explanation, that when one of these 


levers and contact points was used alone, the other lever point was 


cut out by a temporary wire. 

Int. 171. Returning to the answer to the one hundred and thirty- 
fourth cross-question, where you say you and Mr. Gray were led to 
believe, from experiments with receiving instruments, that they 
could be used as receivers for the human voice. State what, if any- 
thing, Mr. Gray said, indicating such a belief on his part. 

Ans. The remark was made by Mr. Gray that our receiver in use 
at that time was capable of reproducing the human voice. 

Int. 172. Do you remember whether or not, at or about the 
time of your seeing the Lover's Telegraph in Milwaukee, you men- 
tioned to Mr. Gray what you had seen? 


Ans. I do not remember the circumstance at the very time, but 
remember speaking with him about it. There was another party 
with me when I saw it, who also saw it—Mr. C. H. Haskins, of Mil- 
waukee—who probably first spoke to Mr. Gray about it. 

Int. 173. In several places in your cross-examination you alluded 
to possible differences between original instruments used by Mr. 
Gray and the exhibit which you have produced here as reproduc- 
tions of such instruments ; do you know of any difference between 
any of the exhibits and the instrument it purports to represent, 
which in any way relates to or would affect the operation of the 
original instruments for transmitting and receiving musical tones, 
or whatever other tones jou have spoken of as being produced 
by them? 

Ans. Ido not. 

Int. 174. Speaking of your exhibit, which is called a duplicate of 
Gray's original two-tone transmitter you said in answer to one hun- 
dred and nineteenth cross-question, “probably the separate 
parts of this instrument are not exactly duplicates,” and again, in 
answer to the one hundred and twenty-fifth cross-question, speak- 
ing of the Exhibit Gray’s Resonant Box Magnet Receiver, you say 
you presume that the magnets and box are not identically like the 
original, as you understand the word; and again, in answer to the 
one hundred and thirty-first cross-question, speaking of certain 
other boxes which were- used in connection with the single-tone 
transmitter, you said they were not exactly of the same dimensions 
as that which you have produced as a part of the exhibit; why do 
you speak thus doubtfully in regard to the exact correspondence of 
the reproductions with the originals, and state how far, if at all, 
you believe, as matter of fact, that there is any difference? 

Ans. Because of the impossibility of making two things exactly 
alike with a model before you, and still more so without the 
original, having only a representation of it or drawing. So far as I 
know, there is no difference in the workings of the originals or 
duplicates. 

Int. 175. I understand the one hundred and thirty-third cross- 
. interrogatory to ask whether the reproduction of the tones of the 

single tone transmitter was the ultimate object of the apparatus in 
which it and the concave metallic diaphragm receiver were used to- 
gether, and you answered, “At the time it was produced it was.” 
What distinction do you make between the time it was produced 
and some later time? Please explain your answer. 
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Ans. I was not aware to what further uses it might eventually be 


- Int. 176. Do you mean to be understood that the main object of 
constructing and applying the concave metallic diaphragm receiver 
in July or August, 1874, was to receive the tones of the single tone 


transmitter ? 
Ans. I do not. It was to be used with any transmitter that we 


had already or might make. 


W. M. Goon. 
Attest: 
W. C. Wrrrmr, 
E eo ' 


Adjourned to April 1, 1879, at 10:30 A. M. 


New Yor«, April 1, 1879, 10:30 A. M. 


Adjourned to April 2, 1879, at 10 A. M. 


New Yor, April 2, 1879, 10 A. M. 


[Counsel for defendant puts in evidence a copy of the file wrap- 
per, contents and drawing in the matter of the application of 
Elisha Gray for the patent No. 166,096, dated July 27, 1875; and the 
same is marked “ Defendant's Exhibit Animal Tissue Application, 
W. C. W., Ex’r.”] 

Also a copy of the file wrapper, contents and drawing in the mat 
ter of the application of Elisha Gray for the patent No. 166,095, 
dated July 27, 1875; and the same is marked “ Defendant’s Exhibit 
Magnet Receiver Application, W. C. W. Ex’r.” 
dated January 28, 1879, granted to the Harmonic Telegraph Com- 
pany, assignees of Ehsha Gray; and the same is marked Defend- 


ants Exhibit Magnet Receiver, Reissue Art Division, W. C. W., 


Pr.“ 


p, tgif we GF? WH. I. GOODSIDGE. 


Also an official copy of reissue patent No. 8559, Division B, 
dated January 28, 1879, granted to the Harmonic Telegraph Com- 
„ assignees of Elisha Gray; and the same is marked “ Defend- 
ant’s Exhibit Magnet Receiver, Reissue Apparatus Division, W. C. 
W., Er.“ 
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(Wo 54.) Defendants’ Exhibit, “ Deposition of William 
M. Goodridge (recalled).” 


(Introduced by defendants in this cause) from printed record, 
Bell Telephone Company et al. vs. Peter A. Dowd (pp. 269-278) 


J. A. W., Sp. Exr. 


Dmecr Exammation By CatsTen Browne, Eso., or COUNSEL FOR DE- 
FENDANT : 
New York, May 6, 1879, 11 A. M. 


Int. 1. In your answer to the eighty-ninth interrogatory, page 
90 of the record, you mentioned Mr. Gray’s use in September, 1875, 
of an apparatus having a multiple transmitter capable of sending a 
number of tones simultaneously, each of the volume of one tone 
sounded separately, and with such multiple transmitter, a receiving 
bar of metal opposite the poles of the magnets, as shown in the 
sounding-box exhibit, and with the circuit constantly closed and 
with the magnet constantly charged. Will you now produce one of 
the series of transmitting instruments constituting the multiple trans- 
mitter which was used in this apparatus, and explain the manner in 
which it operated in connection with the closed circuit to throw 
upon that circuit electrical undulations answering to the tone of the 
reed of each transmitter ? 

Ans. I produce one of the identical transmitters used. (The in- 
strument produced is put in evidence for the defendant, and marked 
“ Defendant's Exhibit Gray’s Multiple Transmitter of 1875, W. C. 
W., Ex’r.”) It consists of a tuned reed fastened firmly to a post 
mounted upon a wooden base. An electro-magnet is also mounted 
upon the base on each side of the reed and near the free end, sup- 
plied with adjusting screws for the purpose of adjusting the magnets 
a proper distance from the reed. The magnets are so connected 
that when the battery is applied the reed is caused to vibrate, and 
in so doing alternately changes the magnetic power from one magnet 
to the other, thereby causing a continuous vibration. On either 
side of the reed, about an inch from the fixed end, a light spring, of 
German silver with platinum at one end, is attached, opposite to 
which are mounted upon the base, posts which carry contact screws. 
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There are, also, upon the base, for binding posts, two of which are 
used to connect the local battery causing the vibrations ; the other 
two for connecting wires from the main battery. The contact screw 
and spring on the left side of the reed (that is, at my left, as I place 
the instrument before me with the magnets farthest from me) are in 
the local circuit. Those on the right are in the circuit from the 
main battery. 

The magnet on the right of the reed is wound to one ohm resist- 
ance, the one on the left to thirty ohms. When the local battery is 
connected with the instrument, and the local contact screw and 
spring are in contact, the low resistance magnet only is in the cir- 
cuit, the other or high resistance magnet being cut out by the con- 
tact of the screw and spring. The free end of the reed is immedi- 
ately drawn toward the low resistence magnet, separating the con- 
tact between the local screw and spring, thereby letting into the 
circuit the high resistance magnet in addition to the low one. It is 
a well known fact that when two magnets of different resistance, 
other things being equal, are placed in the same circuit, and a but- 
tery current sent through them, the magnet having the higher re- 
sistance develops the stronger magnetism ; consequently, the reed is 
drawn back towards the high resistance magnet, which immediately 
cuts out the high resistance magnet, and the operation is repeated a 
number of times per second corresponding to the natural rate of vi- 
bration of the reed. In this case the local battery circuit is never 
opened. For convenience of description I have lettered the different — 
posts of the exhibit. C is the post to which the reed is fastened. I 
and I’ are the posts which carry the contact screws. F and F 
are the binding posts for the local battery, and G and G’ are the 
binding posts for the main battery connections. When the local 
battery is connected to the posts F and F the current passes from 
F to the low resistance magnet, which is the one nearest to it; 
through it to the post I, carrying the local contact screw ; and when 
its contact with the spring is closed passes through the spring to 
the reed, through it and the post C, and from post C through bind- 
ing post F, back to battery. 

When the contact is broken between the post I and the reed, the 
euxrent passes from the post I to the high resistance magnet (the 
one nearest to it) through it to the post F, and back to battery. 
When this instrument is attached to the main battery, the wires 
from the main battery are connected to the binding posts G and G.. 
The post G is connected with the post I’ carrying the contact screw 


——— ee ee oe 


granted to Mr. Gray, numbered 175,971, dated April 11, 1876 
186,340, dated January 16, 1877, and No. 205,378, dated 


1 
* 


their sections of main battery, and keys all open, the current 
from the entire main battery was upon the line and through the 
receiving instrtments to the ground plate at the distant end, the 
other pole of the main battery being connected with the ground 
plate at the transmitting end, making the circuit complete. When 
either of the keys was closed, every time the contact screw T and 
spring upon the reed of the instrument connected with said key 
came in contact, that section of the battery connected through that 
closed key with the instrument was short-circuited, thereby taken 
off from the line the power of that number of cells contained in 
said section; and when those contact points separated, the 
power of that section of the battery returned to the line, 
thereby alternating the strength of the current on the main 
line. ; 


1 P. M. adjourned to 1:45 P. M. 


1:45 P. M., resumed. 


In addition to the above description of the transmitting instru- 
ments, I wish to say that the currents from the main battery 
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does not at any time pass through the magnets forming parts of such 
transmitters. 

Int. 2. Does the apparatus contain a means of adjustment for 
preventing the reeds and its vibrations from touching the poles of 
the magnets; if so, what is it? 

Ans. The magnets are supplied with screws by. which they 
can be drawn farther from the reed or placed nearer to the 
reed, and firmly clamped in whatever position, with relation to 
the reed, they are found to work best, never being touched by the 
reed. 


Int. 3. In his answer to the thirty-fifth interrogatory Mr. Edward 
S. Renwick speaks of certain experiments which he had made with 
what he understood to be Bell telephones, said experiments being 
with the sounding box or cover off the instrument or on it, with a 
view to ascertain practically whether the presence of the sounding 
box or cover had any useful effect for the purpose of distinctness or 
loudness of sounds transmitted or received. Did you assist in those 
experiments ? 

Ans. I did. 

Int. 4. Does Mr. Renwick state correctly their character and 
results ? 

Ans. He does, so far as my observation goes. I witnessed all 
the experiments he made with these instruments, and tried the same 
experiments myself, and the results I obtained corresponded exactly 
with his. 

Int. 5. In his answer to the thirty-ninth interrogatory he states 
certain experiments bearing upon the question as to the importance 
of the chamber in front of the diaphragm of the Bell patent of 
1877, and of the mouth-piece in that patent, as to the matter of 
distinct and loud speaking or hearing. Did you witness or 
assist him in those experiments, and will you state what you 
can as to whether Mr. Renwick correctly gives their character and 
results ? 

Ans. I assisted him in these experiments, and also tried them 
myself, obtaining the same results as he describes in his answer to 
the thirty-ninth interrogatory. 

Int. 6. In his answer to his eighth interrogatory he describes cer- 
tain practical operations which he conducted in connection with 
others, by the use of an apparatcs constructed in conformity with 
the specification and drawings of the Bell patent of 1876, as respects 
the matter referred to in the fifth claim. Did you have anything to 


do with those experiments? If so, what? And will you state 
how far you are able to verify from your own observation the 
correctness of the account which he gives of them and of their 
results ? 

Ans. I assisted him in the experiments referred to, part of the 
time being at the transmitting instrument and part of the time at 
the receiving instrument. I did a good deal of talking and shout- 
ing into the transmitting instrument, part of the time by counting, 
and part of the time by sounding different tones of the diatonic 
scale loudly, such as the first, third, fifth and octave of the scale. I 
also listened at the receiving end, and heard sounds such as he de- 
scribes proceeding from the receiving instrument. The results which 
I obtained when listening are exactly those described by Mr. Ren- 
wick, as received by him when I was transmitting. 

Int. 7. In his answer to the forty-second interrogatory Mr. 
Edward S. Renwick says that in conjunction with you he made a 
number of experiments with certain common receivers, testified as 
used by Mr. Gray in 1874 or 1875. Will you state whether Mr. 
Renwick describes correctly the character and the results of those 
experiments ? 

Ans. Mr. Renwick’s description is correct. I obtained on the 
same occasion the same results which he describes. In these 
experiments we were assisted by Mr. Glass, foreman of the 
Western Uuion shops, who usually did the talking while I was 


Int. 8. On page 881 of Prescott’s “ Electricity and the Electric 
Telegraph,” I find the following account of a telephone which 
Prescott says was constructed by Professor Bell. The principle of 
his method is illustrated in Fig. 523 : 


“A represents the transmitting, and B the receiving apparatus. 
When a person speaks through the tube T, in the direction of the 
arrow, the acoustic vibrations of the air are communicated to a 
membrane tightly stretched across the end of the tube, upon which 
is cemented a light, permanent bar magnet,ns. This is in close 
proximity to the poles of an electro-magnet M, in the circuit of the 
line, which is constantly charged by a current from the battery E. 
The vibrations of the magnet n s induce magneto-electric pulsations 
in the coils of the electro-magnet M, which traverse the circuit ; and 
the intensity of these pulsations is in proportion to the vibrations 
of the magnet. Consequently, this apparatus is capable of trans- 
mitting both the pitch and intensity of the tones which enter the 
tube T. The receiving instrument consists simply of a tubular 
electro-magnet R, formed of a single helix with an external soft iron 
case, into the top of which is loosely fitted the iron plate R, which 
is thrown into vibrations by the action of the magnetizing helix.” 
How does the apparatus here described and represented com- 
pare with the telephone which Mr. Bell exhibited at the Philadelphia 
Centennial ? 

Ans. I witnessed the experiments made in Philadelphia on the 
25th of June, 1876, by Professor Bell, and saw the apparatus de- 
scribed in the passage you have quoted. I consider the cut a fair 
representation of the instrument I saw. My impression of the re- 
ceiving magnet is that it was somewhat longer in comparison with 
its diameter than the cut showed it to be; also, that the tube T, aa 
I remember it, was considerable longer than it is represented in the 
cut. I should say the tube I saw was about six inches long. 

Int. 9. In the apparatus described and shown in the passage I 
have read from Prescott’s book, is the external soft iron case at 
the receiving end in magnetic connection with the core, so as to 
be magnetized as well as the core by the passage of the current 
through the coil? 

Ans. As I understand it, it forms one pole of the magnet, of 
which the central core forms the other pole; consequently, it muet 
be in magnetic connection with the central core. 

Int. 10. You stated on your former examination that a sounding 
bax, like that which makes part of the Exhitit Gray's Resonant 
Box Magnet Receiver,” was sent to Washington as a model, accom- 
panying his application for his original magnet receiver patent. Of 
what material was this sounding box, which went to the Patent 
Office, made? 


7. 
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Ans. It was made of what is commonly called tin plate, said plate 
being thin iron, plate coated with tin. 

Int. 11. I do not remember that it has been testified of what ma- 
terial the concave metallic diaphragm receiver, made in Chicago in 
July, 1874, was made. Please state ? 

Ans. The concave metallic diaphragm was also made of sheet 
iron, coated with tin. 

Int. 12. In one of the extracts which have been put in evidence 
from Professor Bell’s London lecture, describing an apparatus such 
as is represented by Fig. 7 of his patent of March, 1876, he says 
that the diaphragms were made of goldbeater's skin; please to state, 
if you know, what the character of this matenal is, its 
degree of thinness and of sensitiveness to moisture, as 
compared with the material of which the diaphragms are made 
in the Defendant's Exhibit Bell Apparatus of 1876, patent? 

Ans. Goldbeater's skin is a very thin animal membrane. How it 
compares in thickness with the diaphragms in Defendant's Exhibit 
Bell Apparatus of 1876 patent I do not know exactly, but should 
think it was three or four times thinner, on account of its thinness. 
I think it is very much more sensitive to moisture than the parch- 
ment used in the exhibit spoken of. When the instruments were 
first made, which are in this case as exhibits, and marked respec- 
tively “ Defendant’s Exhibit Bell’s Apparatus of 1876, Patent Re- 
ceiver” and Defendant's Exhibit Bell Apparatus of 1876, Patent 
Transmitter,” the diaphragms were made of goldbeater’s skin. When 
placed upon the cones they were moistened and stretched tightly, 
and wired so that they could not slip off, when dry they were very tight 
and tense. After standing a little while in a warm room, I found 
both of the diaphragms had burst, and was obliged to put on new 
pieces. This was done in Chicago. When they arrived in New York 
I found they had burst again. I then procured the parchment of 
which the diaphragms now on the instrument were constructed, and 
had them mounted as they now are at the shop of the Western 
Union Telegraph Company. These latter diaphragms retained their 
elasticity longer than the former thin ones did; or, in other words, 
you can use the transmitter a much longer time before 
the diaphragm is affected by the moisture of the breath and becomes, 
flabby. 


eo 
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Cross-EXAMINATION BY J. J. Srorrow, Eso., or CounseL For Con- 
PLAINANTS : 


. Cross-Int. 13. Where were you from the first of May, 1874, until 
you went abroad in August of the same year? 

Ans. In Chicago, with an occasional little run into the 
country. 

Cross-Int. 14. Did you come East during that time? 

Ans. I did not. 

Cross-Int. 15. Look at the tenth question and answer in 
your deposition of to-day. Have you any personal knowledge 
that what is there called the sounding box was ever filed in the Pat- 
ent Office ? 

Ans. I have not. 

Cross-Int. 16. The Mr. Prescott spoken of in the eighth question 
and answer of to-day’s deposition is the same Mr. Prescott 
spoken of in Mr. Gray's seventy-second, seventy-fourth and 
seventy-eighth cross answers, pages 130 and 131 of the printed rec- 
ord, is he not ? 

Ans. I so understand it. 

Cross-Int. 17. The apparatus of Professor Bell, which you refer- 
red to in your eighth and ninth answers of to-day’s deposition, is the 
same as that referred to in Mr. Gray's fifty-third answer, page 126 
of the printed record, is it not? 

Ans. Yes; that is the same. 

Cross-Int. 18. Is the description of the small circular plate of 
iron or steel, and of its relation to the iron tube and core of the 
tubular magnet receiver of Professor Bell, which is found 
in that answer of Mr. Gray, correct according to your recollection ? 

Ans. It is. 

Cross-Int. 19. Look at your twelfth answer of to-day’s deposi- 
tion. Did you personally attach or see any one else attach the 
membranes which you say were mounted at the shop of the Western 
Union Telegraph Company in New York ? 

Ans. I did not. 5 Ge dow to ee my and left it for them 
to do. 

.“t Cross-Int. 20. I understand from your first answer in to-day's 
deposition that the function and effect of the local battery of each 
transmitter, when they are all connected up in the manner described 
in that answer, is to cause the reed to vibrate, and that the curren 
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atrument at the distant station, or diverted from the line and receiv- 
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from that local battery does not ever pass over the main line to the 
distant station. Am I correct in this? 

Ans. That is correct. 

Cross-Int. 21. I understand from that answer, and particularly 
from that passage in the latter part of it, which transcribes what 
takes place when the key of any particular transmitter is closed, 
that when in the course of the vibration of the reed, caused by the 
action of the local battery contact is made between the reed and the 
contact screw I’, the current from those cells of the battery which 
are appropriated to that particular transmitter passes through that 
contact and through a short circuit back to the other end of those 
cells, instead of being forced to over the main line. Am I right in 
that? 

Ans. The bulk of the current is so diverted from the line through 
the short circuit when the reed and contact screw I’ are in contact. 
A small portion, however, is still upon the line. 

Cross-Int. 22. The amount which is thus diverted, and which you 
call the bulk of the current as compared with the small amount 
which passes over the line, depends upon the comparative resistance 
of the passage of the electricity offered by the short circuit, when 
that is completed by closing the contact in the manner spoken of in 
the last question, and the resistance of the long circuit over the line 
through whatever apparatas may be connected up as part of it 
at the distant station, and back through the earth to the battery. Is 
this so? 

Ans. It is. 

Cross-Int. 23. When the reed in this transmitter vibrates over 
the other side of its path, so as to break contact between the contact 
screw I’ and the reed spring, the short circuit is broken or opened, 
and this amount, which you call the bulk of the current, instead of 
going through the short circuit, as in the case stated in the twenty- 
first cross-question, is forced to go over the line to the distant 
station and through the receiving instruments, which are there 
connected up in the line, and thence back through the earth to the 
battery. Is this so? 

Ans. That is so. 

Cross-Int. 24. That amount of current, which you call the bulk 
of the current, and the amount of which is determined by the rela- 
tion of the resistances, as stated in the twenty-second cross-question 
and answer, is alternately thrown through the line and receiving in- 
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ing instruments each time the reed of the 


Ans. As I understand the question, that is so. 
WI. I. Gooprmaz. 
Attest: 
W. C. Wrrru, 
Examiner. 


Adjourned to May 7, 1879. 
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(Wo. Sab.) “ Deposition of Elisha Gray.” (Introduced by 
defendant in this cause, from Printed Record, 
Bell Telephone Company ect al. vs. Peter A. 
Dowd, pp. 111-156.) 


J. A. W., Sp. Ex’r. 


Dmecr Exammation By CaUsTEN Browne, OF COUNSEL FoR DE- 
FENDANT : 


Int. 1. What is your name, age, residence and occupation ? 

Ans. Elisha Gray ; I am forty-three years old; I reside at High- 
land Park, Illinois, and am a professional electrician and inventor. 

Int. 2. You are the person to whom the patents to Elisha Gray, 
put in evidence for the defendant in this case, were granted ? 

Ans. I am. 

Int. 3. Did you see in Boston the telephones produced as Ex- 


hibits, representing instruments used by the defendant Dowd, and 
for which use this suit is brought as an infringement of the Bell 
patents ? 

Ans. I did. 

Int. 4. Of whose manufacture are the instruments used by Mr. 
Dowd ? 


Ans. They were made by or on the order of the American Speak- 
ing Telephone, of New York. 

Int. 5. Is that company’s manufacture of telephones conducted 
under license from the owners of your patents put in evidence in 
this case, so far as such patents are applicable to telephones ? 

Ans. Yes, sir. 

Int. 6. Mr. Goodridge has testified in this case to transactions in 
regard to your inventions, beginning with his employment by you in 
the early part of 1874; will you please state how long before that 
you had been occupied more or less with studies, experiments and 
practical inventions relating to electric telegraphy, particularly 
noting anything relating to the telegraphic transmission of sounds, - 
and give a brief account of your doings in connection with these 
subjects ? 

Ans. At a very early age I was interested and read everything I 
could obtain relating to the physical sciences, but more especially 
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the science of electricity and magnetism. It was my habit to con- 


struct and operate any machine I saw described, so far as my facili- 
ties would allow. I remember having constructed telegraphic in- 
struments, electro-magnets, galvanic batteries, of various forms ; all 
of which operated successfully a long while before I became a pro- 
fessional electrician. About the year 1865 the opportunity offered 
that I long sought to become engaged professionally as an electri- 
cian and inventor. In the winter of 1866-7, while experimenting 
upon an improvement in telegraphic relays which were patented in 
the fall of 1867, I made my first observation relating to the trans- 
mission of musical tones or sounds telegraphically. The apparatus 
I then used consisted of an induction coil of ordinary construction, 
having a vibrating electrotome. In the primary circuit there was a 
battery and an ordinary Morse key. In the secondary circuit, in 
which was included a short line, was placed an instrument known as 
the polarized relay, which operates by to and fro currents. When 
the key was closed the electrotome was thrown in vibration, produc- 
ing a sound or tone more or less musical, and this tone or sound was 
reproduced on the receiving instrument (the polarized relay) before 
mentioned. At this time I also conceived the idea of constructing 
an instrument for transmitting tunes, similar to its general aspects 
to instruments made at a later date. From this time till about the 
beginning of 1874, I was constantly engaged as an inventor of elec- 
trical appliances, generally relating to improvements in telegraphic 
apparatus. All the inventions I made during this time I cannot now 
recall, as many were never patented. I can name, however, patent 
for self-adjusting relay, granted in the fall of 1867; another, April 
14, 1868, for what is known as the induction relay. After that I in- 
vented and constructed several forms of telegraphic repeaters, dial- 
telegraph instruments, a printing telegraph instrument which has 
been and is extensively employed by the Gold and Stock Telegraph 
Company. I also invented and patented an electric hotel annuncia- 
tor, now in very general use. I was also first inventor of what is 
known as the Travelling Annunciator, used in elevators. I invented 
and patented the telegraphic station-switch, which is in very gen- 
eral use. 

Int 7. When did your residence in Chicago begin? . 

Ans. About November or December, 1869. 

Int. 8. Mr. Goodridge has testified that in the early part of 1874 
you were the superintendent of the Western Electric 
Company, of Chicago; when did you take that office ? 
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Ans. I took the office at the time the company was organized ; I 
think in the year 1872, about May. 

Int. 9. What was the nature and extent of the business which 

that company carried on during your superintendence. 
Ans. We were manufacturers of all kinds of electrical and tele- 
graphic instruments, and dealers in telegraphic supplies. At the 
time the company was organized, we employed from twenty-five to 
fifty men, I cannot give the exact number, but the business rapidly 
increased, so that in 1874 we were employing about one hundred 
men, more or less. It was, and has been till now, about equal to 
the Western Union shops in New York in extent. At the time of 
its organization it is larger, I think. 

Int. 10. Mr. Goodridge has produced an instrument which is 
marked Defendant’s Exhibit Gray’s Two-Tone Transmitter, which 
he says represents an instrument he made by your direction in April, 
1874, at Chicago, and described the manner of connecting it up and 
using it for the purpose of transmitting two tones simultaneously or 
singly over a telegraphic circuit. Do you remember the original in- 
strument ? 

Ans. I do. 

Int. 11. Have you read Mr. Goodridge’s deposition ? 

Ans. I have. 

Int. 12. Is his description of the instrument just referred to, and 
the manner of its use, correct ? 

Ans. It is. 

Int. 13. Mr. Goodridge also describes an instrument which was 
made by him under your direction after the two-tone transmitter, 
and which was an instrument for transmitting one tone, and is said 
by him to be represented by Exhibit Gray's First Single Tone 
Transmitter, parts of which are parts of the original instrument; 
and he describes the manner in which it was set up and used in 
circuit for the purpose of transmitting its tone. Is the original in- 
strument correctly described by him, and the exhibit just mentioned 
a correct representation of it as stated by him, and was it used as 
described by him at the time stated ? 

Ans. Yes. 

Int. 14. In answer to the twentieth interrogatory of his deposi- 
tion, Mr. Goodridge describes a number of receiving instruments as 
having been used by you or under your direction in Chicago; 
namely, an animal tissue receiver under three different forms, a 
paper drum receiver, a magnet receiver with a hollow tin box placed 
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on or near the poles, a concave metallic diaphragm receiver, a mag- 
net receiver having the magnets inclosed in the box, and a magnet 
receiver consisting of an iron plate mounted upon a sounding box. 
Do you remember these instruments, and are they correctly de- 
scribed by Mr. Goodridge ? 

Ans. I remember them, and they are correctly described, so far 
as I recollect. The one described as an iron plate, mounted upon 
a sounding box, had also an electro-magnet. 

Int. 15. First, as regards the use of the several forms of animal 
tissue receiver and the paper drum receiver, as used in Chicago 
with the assistance of Mr. Goodridge, before you went abroad in 
August, 1874; is Mr. Goodridge’s account of such use of the in- 
struments correct ? 

Ans. It is. 

Int. 16. Mr. Goodridge also describes the use in Chicago, before 
you and he went abroad, of the first single tone transmitter in a 
closed circuit, and with the magnet receiver, consisting of the hol- 
low tin box, placed on or near the poles of the magnet ; his descrip- 
tion being contained in his twenty-ninth to thirty-third answers. 
This use, he says, was at the works of the Western Electric Manu- 
facturing Company. Do you remember the use referred to? 

Ans. Ido. I cannot give the time as to the month; it was be- 
fore going abroad, however. 

Int. 17. Does Mr. Goodridge describe the place and conditions 
and results of that demonstration correctly ? ä 

Ans. Tea, sir. 

Int. 18. In his thirty-fifth and thirty-sixth answers Mr. Good- 
ridge describes the use at the works of the Western Electric Manu- 
facturing Company before you went to Europe, of the concave 
metallic diaphragm receiver with its first single tone transmitters 
working over a closed circuit. Do you remember such a use before 
you went abroad in 1874? 

Ans. Ido. I am not-sure whether it was with the first single 
tone transmitter, or one which they subsequently made like it. 

Int. 19. State, if you know, who witnessed this use and who was 
at the receiving end and who at the transmitting end? 

„Aus. I cannot tell definitely who, beside myself and Mr. Good- 
ridge, were present. I was at the receiving end, Mr. Goodridge at 
the transmitting end a portion of the time. The order was reversed 
at times, to give Mr. Goodridge chance to observe the results at 
the receiving end. The experiments were openly conducted, and 
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a number of persons might have witnessed them. I am very sure 
that Mr. E. M. Barton, Mr. M. G. Kellogg, and, I think, Mr. Earnest 
Warner were present at some of those experiments. 

Int. 20. Mr. Goodridge has described, in his testimony, two 
multiple transmitting instruments—a single octave and a double 
octave—as made for you in Chicago, in 1874, before you went 
abroad, and used in connection with the resonant box magnet re- 
ceiver and the concave metallic diaphragm magnet receiver, with 
the closed circuit, at Chicago, before you went abroad. Is the de- 
scription given by Mr. Goodridge, of the manner in which these 
trrnsmitters were constructed and the manner they were used in 
connection with the receivers mentioned, correct ? 

Ans. It is. 

Int. 21. Mr. Goodridge refers, in his deposition, to an exhibition 
made in July, 1874, of the two octave transmitter with a resonant 
box receiver and the concave metallic diaphragm receiver, in Chi- 
cago, between the office of General Stager, Superintendent of the 
Western Union Telegraph Company, and the works of the Western 
Electric Manufacturing Company, the two stations being about 
three-quarters of a mile apart, the receiver being at General Stager’s 
office and the transmitter at the other end. Mr. Goodridge was, he 
says, at the transmitting end on this occasion. Do you remember 
the trial referred to ; if so, what did you have to do with it, if any- 
thing? 

Ans. I distinctly remember the trial, and I conducted the exhi- 
bition at the receiving end. We used the concave metallic dia- 
phragm receiver, but I am not sure as to the use of the resonant 
box on this occasion. 

Int. 22. State the character of this exhibition, whether public or 
private; and by how many persons was it witnessed, so far as you 
know? 

Ans. It was public, in the sense that any one was privileged to 
witness it; and during the exhibition several persons from outside 
were invited in, besides a number of the employees about the build- 


Int. 23. Please state the character of the results obtained upon 
that trial as to loudness and distinctness of tones heard, and other- 
wise ? 

Ans. The results were satisfactory in every respect. A number 
of tunes were transmitted which could be heard and recognized in 
any part of the room without the least difficulty. 


Int. 24. I understood you to say that you were not sure that the 
resonant box magnet receiver was used on that occasion. Do you 
remember any occasion on which it was used for the purpose of ex- 
hibition with the key-board transmitter, whether single or double 
octave, and in a closed circuit as before, in Chicago, before you 
went abroad, in 1874? 

Ans. It was used a number of times in connection with the key- 
board transmitter on our experimental wire at the shop. 

Int. 25. Did you, before going abroad in August, 1874, take from 
Chicago to the City of New York any af the instruments mentioned 
by Mr. Goodridge, for the transmission of musical tones, and ex- 
hibit there such instruments and their operation ? 

Ans. I did. 

Int. 26. What instrument did you take and exhibit there? 

Ans. The single octave transmitter, the resonant box magnet 
receiver, the original violin animal tissue receiver and the paper 
rum receiver; that is all I remember. 

Int. 27. What time in 1874 was this? 

Ans. It was in the early part of May that I first exhibited them 
in New York; the exhibition extended through ten days or two 
weeks. 

Int. 28. Had your concave metallic receiver been made at this 
time ? 

Ans. No, sir. 

Int. 29. In what place or places in New York did you give the 
exhibition yo. speak of? 

Ans. First, at the office of the Gold and Stock Telegraph Com- 
pany, 61 Broadway ; secondly, at what was then the Western Union 
Telegraph Building, 145 Broadway. 

Int. 30. Please describe the manner in which these exhibitions 
were conducted, as to the distance apart of the transmitting and 
receiving stations, and other conditions bearing upon the — 
of the capacity of the instruments for distinct transmission of 
musical tones ? 

Ans. Ordinarily the exhibitions were conducted between two 
rooms in different parts of the building or buildings by a wire con- 
Hecting one with the other. The rooms were so situated with refer- 
ence to each other that the noise of the transmitters could not be 
heard at the receiving end, except upon the receiving instrument 
connected in circuit. On two or three occasions, or perhaps more, 
we made a long line by means of looping two wires together in a 
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distant city, which gave us the two terminals in the same building. 
The results were satisfactory under all the conditions mentioned, 
in the matter of clearness and loudness of tone at the receiving 
end. 

Int. 31. Please describe a little more fully what you refer to as 
making a long line by means of looping two wires together in any 
distant city ? 

Ans. In one instance we used two wires to Boston, connected in 
the following manner: starting from the ground in New York, one 
wire passed first through the transmitting instrument, and from 
thence to Boston, when it was disconnected from the ground and 
connected to the end of another wire (also disconnected from the 
ground in Boston), which ran back to New York, fastened through 
the receiving instrument and from thence to the ground, making a 
length of line double the distance from New York to Boston. 

Int. 32. In working with the looped line around Boston, in what 
building in New York were the two terminals, and in what parts of 
that building respectively ? 

Ans. In the Western Union building before mentioned, 145 
Broadway. One terminal was in the room with the transmitter, the 
other in the room with the receiver, the two rooms being those pre- 
viously mentioned in my thirtieth answer. 

Int. 33. I have understood from your answers that this demon- 
stration with the looped line around Boston, or another distant 
city, took place in May, 1874; was it so? 

Ans. It was. 


Int. 34. Were the instruments connected up and worked in a. 


constantly closed circuit, in the exhibitions which took place in New 
York in May, 1874? 

Ans. They were worked there as everywhere. As Mr. Good- 
ridge explained, the transmitter was made on the plan of what is 
called the single tone transmitter. For convenience of operation, 


when the keys were up the line was opened, but when any key was: 


depressed, the running of the circuits during the continuance of the 
transmission of any tone was precisely the same as shown in the 
exhibit marked “Gray’s Closed Circuit, Single Tone Transmission 
Apparatus,” so that the actual operation during the transmission 
was the same in both instruments. 

Int. 35. Referring particularly to the use (in these New York 
exhibitions) of the resonant box magnet receiver, state whether it 
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was used resting upon the poles of the magnet, or slightly removed 
from them, or in both ways ? 

Ans. It was used in both ways. 

Int. 36. When slightly removed from the magnet poles, was it 
supported in that position in the same way that Mr. Goodridge de- 
scribed, as to its use in that manner in Chicago? 

Ans. It was. 

Int. 37. Was there any difference in the loudness or distinctness 
or quality of the received tone, according as the resonant box re- 
ceiver was resting upon the poles or slightly removed from them? 
If so, state ? 

Ans. Ordinarily there was a difference in favor of slightly removing 


| the resonant box either from one or both poles. I will state further, 


that the difference was very slight in some positions of contact, as 
to the matter of loudness and quality. For instance, if the box 
were slightly tipped, as was a common way of using it, so that the 
bearing was on the edge of the poles, the result would ordinarily 
be better as to loudness than when flat upon the poles. This, how- 
ever, was not always true, for I could get the same good results by 
simply turning the box around on the face of the poles. I have 
always supposed this to be due to the fact that the face of the box 
in contact with the poles was not perfectly even, although such 
unevenness could not be detected by the naked eye. 

Int. 38. Will you name such persons as you can who witnessed 
the exhibitions in New York which you have described ? 

Ans. Of those now living I will name, at 61 Broadway, I remem- 
ber Mr. Applebaugh, Mr. Scott, now Superintendent of the Gold 
and Stock Telegraph Company, Mr. R. Henry, Mr. Wiley, and many 
others. At 145 Broadway, General Thomas T. Eckert, Mr. Chand- 
ler, Superintendent of the Atlantic and Pacific Telegraph Company; 
Mr. S. Brown, District Superintendent of the Western Union Tele- 
graph Company; A. S. Downer, Manager of the Operating Room 
Western Union Telegraph Company ; G. M. Phelps, Superintendent 
of the Western Union Telegraph Company's shops ; Mr. Phelps, Jr., 
of the same shop. Most of the Directors and the Executive Com- 
mittee of the Western Union Company were present at one of the 
exhibitions, in a body, and many others. 

Int. 39. Did you make similar exhibitions with the same appa- 
ratus in other cities than New York, before youreturned to Chicago, 
that spring ? 

Ans. I did. I exhibited in Washington City, in presence of 
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Prof. Henry, at the Smithsonian Institute, on two or three occas- 

ions. At one of these, Prof. Warson, of Ann Arbor, Prof. Hall, of 

the Naval Observatory, Washington, and others were present. I 

also exhibited between two rooms in a building on the corner of 
Fourteenth street and Pennsylvania avenue, then occupied by the 
Western Union Telegraph Company. There were present at these 
exhibitions a number of persons at different times, among whom was 
Mr. Elliot, the Chief Clerk of the Treasury Department Bureau of 
Statistics ; Mr. A. L. Hayes was present. These are all the names 
I can recall now. 

Int. 40. You have read Mr. Goodridge’s description of the in- 
struments which were carried abroad by you and him in August, 
1874, and sent back to this country in the following October, and of 
the places in which, the manner in which and the persons to whom 
they were exhibited while in England. Is his description correct ? 

Ans. Correct. I will add that Mr. Goodridge was chiefly at the 
transmitting end, and could not swear to all that I could. 

Int. 41. Were all the receivers which were carried out exhibited 
at one time or other in circuit with the multiple transmitter during 
your stay in England ? 

Ans. They were. 

Ins. 42. It appears, by Mr. Goodridge's deposition, that the ap- 
paratus which was taken out to England by you was sent back to 
this country through the Custom House, and there detained for some 
reason, so that they did not come into his possession again until 
the fall of 1875. Will you explain the reason of this detention in the 
Custom House, so far as you could ascertain, and also all the efforts 
you made to get the apparatus out of the Custom House sooner than 
you succeeded in doing ? 

Ans. The instruments taken abroad were for a particular pur- 
pose, and not designed to be left there; and it was expected that 
they would be returned free of duty. When we sailed for this 
country in October, 1874, the instruments were left in charge of 
Warden, Muirhead & Clark, to be shipped to us at New York. I 

was not familiar with the rules of the Custom House in the matter 


of shipping goods from a foreign port to this country, and so left the 


matter with the before mentioned gentlemen, who were constantly 
shipping and were supposed to know all about it. After landing in 
New York I waited three or four weeks for the arrival of the instru- 
ments, as I was very anxious to make some exhibitions before going 
West. After waiting a long time—I do not now remember just how 
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long—I was notified by Morris & Co., foreign express agents, of the 
arrival of the goods. I went to procure them, but could not get 
them released from the Custom House, because no invoice had been 
sent. I was obliged to write to Warden, Muirhead & Clark to ob- 
tain the invoice ; but not having the goods, they did not know how 
to make it out. And when, finally, I obtained either the invoice or 
shipping receipt, I cannot tell which, it did not have the proper 
consular's certificate attached. This was followed by considerable 
correspondence, both with the express agents and the shippers, and 
others, trying to find out what to do and how to do it. I went toa 
Custom House agent to have him look the matter up and offered to 
pay the duty; but for some reason I was unable to get the appa- 
ratus. I employed two different parties ; finally got a friend of 
mine to see the Superintendent of the Custom House, and find out 
what the trouble was. He did not succeed; neither could he tell 
me how to proceed to get the goods. The result was, that after a 
lapse of time—about a year, I think—they were sold for duties 
I suppose, and I bought them of the party who bid them in at the 
sale. 


Adjourned to April 8, at 10.30 A. M. 
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Int. 43. You have read Mr. Goodridge's testimony as to transac- 
tions after you and he returned from Europe, including apparatus 
made for you and the use of the same, and the manner and results 
of such use. Do you confirm his testimony as true as far as it states 
matters with which you were connected? Pointing out what mat- 
ters, if any, stated by him were not within your personal knowl- 
edge? 

Ans. I do, with the following qualifications: Mr. Goodridge 
states, in answer to the sixty-fourth question of his direct examina- 
tion, that there were two resonant box magnet receivers made. My 
recollection as to the disposal of that (that is, the two referred to 
by him) coincides with his, but I remember that we used one in 
Chicago on numerous occasions between the middle of June and 
the middle of July, 1874. That would seem to account for three. 
In the experiment referred to by Mr. Goodridge, in answer to the 


seventy-ninth direct question, I was at the receiving end, at Mil- 
waukee, and Mr. Goodridge at the transmitting. In regard to the 
apparatus and its use mentioned in the eighty-ninth answer, the 
first use that I distinctly remember was in September, 1875. I re- 
member such use was made at an earlier date and at different times, 
but I cannot exactly locate any experiment. The experiment men- 
tioned by Mr. Goodridge in his ninty-ninth answer I did not per- 
sonally witness. I did witness similar experiments at a subsequent 
time. In regard to the experiments mentioned by Mr. Goodridge as 
conducted under the direction of Mr. Edward S. Renwick, I was 
there only a part of the time. I witnessed some of the experiments 
made with my different receivers, particularily the resonant box 
receiver. 

Int. 44. I will call your attention particularly to the trial which 
Mr. Goodridge mentions as having been made upon a telegraph 
line between Chicago and Milwaukee, near the middle of February, 
1875, in which trial you were at the receiving station. State what 
receiver or receivers were used upon that trial ? 

Ans. I used the receiver called the “Diaphragm box magnet 


receiver. 
Int. 45. Can you name any persons who witnessed this trial at 
the receiving station? And state whether it was a private ora 
public exhibition, and state the character of the results obtained ? 
Ans. Mr. C. H. Haskins, superintendent Northwestern Telegraph 
Company; Mr. Weller, manager of the Western Union Telegraph 
Company at Milwaukee; Mr. Kelsey, chief operator Northwestern 
Telegraph Company ; Mr. Shape, chief operator Western Union 


Telegraph Company, Milwaukee; and a number of others were 


present. The exhibition was in Mr. Hasken’s office and was open 
to anyone. The design of this particular experiment was to test 
the ability of the tones to travel over along line. The result of the 
experiment was satisfactory, and we were able to receive messages 


by means of the before mentioned diaphragm box magnet receiver, 


which received musical tones instead of the ordinary Morse dot and 
dash ; the duration of and intervals between the musical tones 
corresponding to the arbitrary signs of the well known Morse 
alphabet. 


Int. 46. When did you first see the instrument sometimes called 
the Lover's Telegraph,” and where? And state by what name it 
was then called. I refer to the instrument which was described as 
the Lover's Telegraph in Mr. Goodridge’s deposition? 
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Ans. In November or December, 1875, at Milwaukee; I do not 
remember any name given it at that time; I remember the descrip- 
tion of it as first given to me by Mesars. Goodridge & Haskins, az 
both were present when it was described, and a few days later I 
saw it. 

Int. 47. Will you now state what, if anything, you had observed 
in your uses of different tone transmitters, in 1874 or 1875, which 
showed to you the capacity of your resonant box receiver or dia- 
phragm box magnet receiver, or concave metallic diaphragm re- 
ceiver, to receive and reproduce to the ear the quality as well as the 
pitch and loudness of the transmited tone. 

Ans. The first experiment I remember which attracted my at- 
tention particularly to the fact that the quality as well as the pitch 
and loudness could be transmitted electrically through a telegraphic 
circuit and received upon a common or universal receiver, was in 
the latter part of January or the fore part of February, 1874. I re- 
fer now to what is known as the “ bath-tub experiment.” I was 
then using an ordinary induction coil, having a vibrating electro- 
tome, and I was receiving the vibrations transmitted through the 
secondary circuit through my body, the other pole of the coil being 
connected with the zinc lining of the bath tub, which was dry at 
the time. When I rubbed the tub lining with my fingers or the 
palm of my hand, the noise made by the vibrator was faithfully re- 
produced at the point of contact, as I was near enough to the trans- 
mitting instrument to hear it, and was thus able to make acom- — 
parison. I made numerous changes in the adjustment of the elec- 
trotome, getting a great range of vibratory effects, producing sounds 
(not very musical ones) of great variety of quality. The fact that 
these were all faithfully reproduced demonstrated to me at that 
time that quality as well as pitch could be transmitted electrically. 
I observed the same thing in all my later experiments during the 
years 1874 and 1875. 

I will refer now to an experiment made in 1875 with the trans- 
mitter marked “Gray's Mechanical Transmitter,” in connection with 
one or more of the common receivers or their duplicates that had 
to had one of its vibrating great points placed in circuit in which 
was'the battery and the common or universal receiver, and the 
shaft which actuated the break point was revolved steadily, there 
was a sound of a peculiar quality reproduced at the receiving end 
on the common receiver. This quality was greatly varied by grad- 


‘ 24 * * . 
1 . * / ‘ d 
OE SN TE AE SN SE — A A BE ˙ - 2 RN A tee — — 


uating the pressure, either by the finger or by a rubber spring upon 
the lever carrying the break point, so that by proper manipulation 
with reference to pressure, we obtained a great variety of sounds 
on the receiver, not unlike the human voice, imitations of vocal 
sounds, and also imitations of a groan as if in distress, were very 
perfectly and reproduced. It was our custom in all such experi- 
ments to use the different varieties of receivers, to notice the dif- 
ferent effects produced on each. I cannot recall clearly whether 
all were used at that time or not; but I remember that more than 
one form, among which was the wooden sounding box receiver and 
the resonant box magnet receiver. 

Int. 48. Mr. Goodridge, in his one hundred and sixty-eight 
answer, spoke of this observed operation of the mechanical trans- 
mitter as · leading to or confirming the belief that the receiving in- 
struments you were using for musical tones could be also used for 
the human voice ; what was your own judgment at that time upon 
that subject? 

Ans. This experiment with the mechanical transmitter confirmed 
what my previous experiment had led me to believe that not only 
could the receivers that had been named be used as receivers of 
articulate speech transmitted electrically, but that such speech 
could be transmitted through or from a single point. I mean by 
single point, without the intervention of a series of reeds of points 
differently tuned, and one that would be a common or universal 
transmitter, in the same sense that the receivers were universal or 
common. 

Int. 49. Will you state how the knowledge which you got late in 
1875 of the so called Lover's Telegraph,” aided in the production 
of the invention of a speaking telephone, such as is described and 
represented in your caveat filed February 15, 1876 ? 

Ans. The fact that all the vibrations, however complex or dif- 
ferent in form, that are produced in uttering any given word or 
sound, were transmitted longitudinally through a fine thread sus- 
pended from the center of a diaphragm capable of responding to all 
the aerial vibrations made by the uttering of a word or sound, and 
connected to a similar diaphragm at the other end of the thread, 
which might be from one to two hundred feet in length, proved to 
my mind that all the conditions necessary for the transmission of 
an articulate word were contained in any single vibrating point 
capable of responding, as before stated. I saw that if I could 
reproduce electrically the same motions that were made mechanic- 
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ally at the centre of the diaphragm by speaking upon it, such 
electrical vibrations would be reproduced upon a common receiver 


in the same manner that musical tones were; and from the fact 
that the electrical vibrations were the same in respect to rate, 
amplitude and form or complexity, as the motions made in the 
air by uttering words or sounds, it followed that the receiving 
diaphragm would be thrown into mechanical vibrations or motion 
of a corresponding character, and consequently reproduced the 
same word or sound. The fact that the longitudinal movement 
(in water or other fluid of poor conducting character) of a wire 
or some good conductor of electricity, with reference to another 
wire or metal conductor, produced variations in the resistance of 
an electric circuit proportional to the amplitude of movement, was 
old in the art of that time; so that the last link of knowledge 
necessary to solve the problem in my mind was furnished in the 
capabilities of the longitudinal vibrations of the string of the be- 
fore-mentioned so-called Lover's Telegraph. 

Int. 50. At the time of your filing your caveat, February 14, 
1876, had you ever seen or heard of any apparatus for the tele- 
phonic transmission of articulate speech other than that which 
you described and represented in that caveat ? 

Ans. I had not. 

Int. 51. When did you first have knowledge of Professor Bell's 
invention of a telephone or apparatus for telegraphic transmission 
of articulate speech ? 

Ans. I think the first knowledge that I obtained was from a 
lecture delivered by Professor Bell in Boston some time in the 
spring of 1876. A printed copy of that lecture was sent me by 
some one, and I am not now sure whether I received that copy 
before Professor Bell’s exhibition at the Centennial or not. If 
not, the first I knew of it was at the Centennial or about that 
time. 

Int. 52. Was the instrument described in that lecture the same 
as that which Professor Bell exhibited at the Centennial ? 

Ans. There were no drawings accompanying that lecture, as I 
remember it, and I do not think I had an intelligent understanding 
of the apparatus until I saw it at the Centennial Exhibition. 
Int. 53. Will you describe the apparatus which you saw at the 
Centennial Exhibition ? 

Aus. The transmitting portion of the apparatus that I saw con- 
sisted of a vocalizing chamber very similar in form to the chamber 
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of the receiver shown in my caveat. Across the large end of the 
chamber was stretched a membranous diaphragm. Upon the 
center of this diaphragm was glued a thin plate of iron or steel, I 
should think about three-eights of an inch wide and from an inch 
and a half to two inches long. In front of this armature or plate 
was mounted, in a frame connecting with the vocalizing chamber, 
an electro-magnet having a fixed relation to the armature or plate, 
but not touching it. The receiver, as I recollect it, was made of a 
single bobbin or helix having an iron core in the centre and an iron 
tube on the outside, which was closed at one end, having the iron 
core fixed in the centre projecting up through the helix. A small 
circular plate of iron or steel was placed upon the other end, 
so that its edges rested upon the outer cylinder or tube of iron, 
while its centre was over the central core, and, I think, not in con- 
tact. About the latter I am not sure. I understood from Professor 
Bell’s description that the two instruments were connected in cir- 
cuit, in which a battery was included, in the same manner that any 
two ordinary telegraphic instruments would be connected in circuit. 
This was the arrangement as to instruments and connections, to the 
best of my recollection at this date. 

Int. 54. When I asked you as to your first knowledge of Profes- 
sor Bell's invention of the telephone I had reference to an actual 
working apparatus. Did you understand me? 

Ans. Not exactly. I thought you wanted to know when I first 
heard of anything that he had done in that line. 

Int. 55. I suppose you knew some time earlier than that of what 
was contained in the specification and drawings of his patent of 
March 7, 1876 ? 

Ans. I did. 

Int. 56. Was this apparatus which you saw at the Centennial 
the first one you ever saw in which an induction diaphragm was 
used in combination with an electro-magnet as a telephone trans- 
mitter ? 

Ans. It was. 

Int. 57. Was such combination for the purpose of a telephone 
transmitter new with Professor Bell, so far as you know? 

Ans. It was, so far as I know. 

Int. 58. Please state which of the various receivers which have 
been testified to as used by you in 1874 and 1875 was best adapted 
for receiving and giving out audibly tones of the human voice? 
Ans. The concave metallic diaphragm magnet receiver was per- 
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haps in some respects the best; but there is very little difference 
between that and the diaphragm box magnet receiver, and also the 
resonant box magnet receiver. 

Int. 59. Please state how you were occupied in the year 1876, 
and down to October, 1877, stating what, if any, experiments or in- 
vestigations you made during that time relating to telephones, as 
distinguished from telegraphic apparatus proper, and so far as you 
did not, explain why not? 

Ans. About the 15th January, 1876, I went to Washington for 
the purpose of preparing and filing in the Patent Office a number 
of cases relating to telephony that had been accumulating through a 
number of months. I remained there till about the first of March. 
From thence I went to Philadelphia, partly to prepare for the Cen- 
tennial Exhibition and partly for the purpose of exhibiting my appe- 
ratus relating to multiple telegraphy to parties who were proposing 
to invest in it. I remained there during the spring months, but was 
called home early in June on account of sickness in my family. I 
returned a few days previous to the exhibition given by myself and 
Professor Bell at the Centennial on the same day. I was engaged 
from the time till after the 4th of July with my exhibit at the Cen- 
tennial. During this period Mr. Goodridge constructed, undermy 
supervision, a transmitter, such as shown in my caveat of February 
14, 1876. Not having any of my universal receivers there, except 
the wooden sounding box receiver, we did not have an 
to test it at that time. Early in July, I think before the 10th, I 
was sent to New York, or rather I went to New York at the request 
of Dr. White, who had a large pecuniary interest in my telegraphic 
inventions, for the purpose of equipping a wire between New York 
and Philadelphia with my multiple telegraph apparatus. A few 
days after my arrival in New York I was taken sick with what was 
supposed to be sunstroke. I was sick and unable to attend to my 
business, but very little of the time until late in the fall, at which 
time we completed our demonstration between New York and Phil- 
adelphia. After this, at the request of Mr. Orton, then president 
of the Western Union Telegraph Company, and Dr. White, I pro- 
ceeded to demonstrate the capacity of my system for working longer 
lines, and to that end went to Buffalo, spending some time there; 

which I went to Chicago. All of the winter of 1876-7 I spent 
in this work, and during the spring and summer of 1877 was en- 
gaged in equipping different wires of the Western Union Telegraph 
Company, and demonstrating its capacity to work in connection 


DEFENDANTS EXHIBITS. 


with the ordinary Morse system. I was so engaged up to the fall of 
1877. 

Int. 60. Will you explain why your sounding box receiver was 
not adapted for a test of your caveat telephone transmitter? 

Ans. It is a peculiarity of that receiver and receivers of that 
class that while they will reproduce a tone or sound transmitted 
with a considerable degree of force (as by the use of a strong bat- 
tery) with much greater loudness and clearness than by a receiver 
such as the concave diaphragm or resonant box receiver, they are 
not so good for receiving tones or sounds transmitted with a weak 
force, such as if transmitted by an ordinary speaking telephone. 


Adjourned to April 4, 1879, at 10.30 A. M. 


New York, April 4, 1879, 10.30 A. M. 


EXAMINATION BY CHAUNCEY Surrn, Esq., oF CoUNSEL FoR Con- 
* PLAINAKXTS : 

Cross-Int. 61. In your answer to the fifth interrogatory you say 
that the American Company's manufacture of telephones is con- 
ducted under license from owners of your patents put in evidence 
in this case, so far as such patents are applicable to telephones, who 
is the owner of the patents referred to? 

Ans. The Harmonic Telegraph Company. 

Cross-Int. 62. When was that license given ? 

Ans. At the date of the organization of the American Speaking 
Telephone Company, about the 6th December, 1877. : 

Cross-Int. 63. Was that license in writing ? 

Ans. I called it a license. We made a written contract, as I rec- 
ollect it, the effect of which was to convey to the American Speak- 
ing Telephone Company the privilege of using anything that oc- 
curred in any of my patents relating to speaking telephones. I do 
not know just what the document would be termed in law. I will 
further explain that there were three parties to the agreement, the 
other party being the Gold and Stock Telegraph Company, who 
were made the agents of the American Speaking Telephone Com- 


v. 
Cross-Int. 64. The agents to do what? 
Ans. To manufacture speaking telephones and place them upon 
the market. 
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Cross-Int. 65. Did the agreement make any provision in respect 
as to who should bear the expenses of any litigation which might 
arise in the course of the business of either company in relation to 
speaking telephones ? 

Ans. It provided that such expenses should be advanced by the 
Gold and Stock Telegraph Company and reimbursed to them out of 
the proceeds of the telephone business. 

Cross-Int. 66. Did the contract make any provision that the 
Gold and Stock Company should be the owners of any of the capi- 
tal stock of the American Speaking Telephone Company; if s0, 
what proportion ? 

Ans. Yes, two-thirds. 

Cross-Int. 67. Who was to own the other third? 

Ans. The Harmonic Telegraph Company. 

Cross-Int. 68. When was the Harmonic Telegraph Company or- 
ganized ? 

Ans. May 26, 1876. 

Cross-Int. 69. Between the time when the Harmonic Telegraph 
Company was organized and the time of the organization of the 
American Speaking Telephone Company, were you a stockholder 
and officer in the former company ? 

Ans. I was. 

Cross-Int. 70. Can you state when the negotiations commenced 
between the Harmonic Telegraph Company and the Gold and Stock 
Telegraph Company, or any parties interested therein, which re- 
sulted in the contract to which you have referred ? 

Ans. I cannot state definitely at present. It was some time dur- 
ing the fall preceding the organization of the American Speaking 
Telephone Company. 

Cross-Int. 71. Did you personally take part in the negotia- 
tions? 

Ans. I did. I mean by that I was present at a number of inter- 
views during the pendency of the negotiations. 

Cross-Int. 72. Do you remember who else was present, either as 
representing your own company or the Gold and Stock Company ? 

Ans. At some of these interviews Dr. Samuel 8. White, of Phila- 
delphia, and E. W. Andrews, of New York, who were 
tives of the Harmonic Telegraph Company; Mr. William Orton, Mr. 
George Walker, Dr. Norvin Green, Mr. Banker—I have forgotten 
his initials— Mr. Tracy R. Edson and Mr. George B. Prescott were 
present. These are all that I call to mind at this moment, and I do 
not know that they were all present at any one time. 
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Cross-Int. 73. Mr. Orton and the persons named after him were 
there on behalf of the Gold and Stock Telegraph Company, were 
they not ? 

Ans. That was my understanding. 

Cross-Int. 74. Did you understand that any of them were offi- 
cers of the company, and if so, what offices did they hold ? 

Ans. I understood that Mr. Orton was president of the Gold 
and Stock, Messrs. Walker and Prescott vice-presidents; and the 
other gentlemen named, I think, were members of the executive 
committee or directors in the same company. 

Cross-Int. 75. Where did the interviews take place at which you 
were present ? 

Ans. Generally in the Western Union Building, New York, and 
I think, most frequently, in Mr. Walker's room. 

Cross-Int. 76. Mr. Orton was president of the Western Union, 
was he not, at that time ? 

Ans. He was. 

Cross-Int. 77. Did you understand that the other gentlemen rep- 
resenting the Gold and Stock Telegraph Company were any or all 
of them officers in the Western Union Telegraph Company ? 

Ans. Some of them were, but not all. 

Cross-Int. 78. Will you name those that were officers and the 
offices they held ? 

Ans. Norvin Green was vice-president of the Western Union; 
Mr. Banker, I think, was a director, but I am not sure that he was 
at that time; Mr. George B. Prescott was an electrician. The other 
gentlemen had no connection with the company, to my knowledge. 

Cross-Int. 79. What business was the Harmonic Telegraph Com- 
pany organized to carry on? 

Ans. It was organized to exploit, in whatever way seemed most 
feasible, my inventions and patents relating to the general subject 
of telephony. I mean by telephony any invention in which the 
transmission, electrically, of musical tones or sounds was em- 
ployed. 3 

Cross-Int. 80. What was the significance of the word harmo- 
nic,” in the name of that company ? 

Ans. As the question is put, I don’t quite understand it. 

Cross-Int. 81. Do you know whether or not the term was used 
as indicating the nature of the business which was to be transacted 
or the inventions which it was to exploit ? 

Ans. I think the name was suggested by the fact that in some 
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of my inventions and patents, which were to be owned by the com- 
pany, a means was shown for transmitting harmony. 

Cross-Int. 82. Will you state what the Harmonic Company did 
from the time of its formation down to the time of the contract 
which you have referred to, in exploiting your inventions ? 

Ans. In answer to question 59, in my direct examination, I have 
given a general account of my own work from the 15th of January, 
1876, till the fall of 1877. I was then in the employ and under the 
direction of the Harmonic Telegraph Company. Others besides 
myself were also employed by the same company—at least one dur- 
ing all of this time—others during a portion of the time. 

Cross-Int. 83. Several patents of yours have been put in evi- 
dence which have reference to telegraphing by means of sounds, 
broken up into long and short periods, corresponding to the dots 
and dashes of the Morse alphabet; do these inventions and the in- 
struments described in the patents, come properly within the mean- 
ing of the term telephones, or telephonic instruments or inventions, 
as the terms have been generally understood for a number of years 


Ans. I have always understood that any instrument or appara- 
tus capable of transmitting sound to a distance was properly 
called by the name telephone, whether this instrument be electrical 
or electro-mechanical or mechanical only ; and I will add, that my 
first inventions relating to the transmissions of musical tones elec- 
trically I called telephones. 

Cross-Int. 84. In the various transmitting instruments described © 
in your several patents, and in the several transmitting instruments 
which have been produced here in evidence, in which a vibrating 
reed is employed, do such reeds form a part of an electric circuit 
which is broken by the vibration of the reeds ? 

Ans. All the patents showing vibrating reeds, and the several in- 
struments put in evidence having vibrating reeds, such reeds do, in 
one sense, break an electric circuit, and, in the same sense, form a 
part of an electric circuit. 

Cross-Int. 85. What do you mean by saying “in one sense do 
not the reeds, in fact, form part of an electric circuit through which 
a current passes a portion of the time? 

Ans. In some cases the vibrating reed serves simply to divert a 
portion of the electric current (produced by a given number of cells 
of galvanic battery) from the main line, through a short or shunt 
circuit in which the vibrating reed is placed. In this case the reed 
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does not open the main circuit, neither does it divert the whole of 
the battery from it, but it does make and break the before men- 
tioned short or shunt circuit. 

Cross-Int. 86. I did not ask you anything about the main cir- 
cuit ; I want to know if, in those instruments, the reed itself forms 
a part of the circuit through which at times a current flows? 

Ans. It does. 

Cross-Int. 87. Is not that portion of the circuit of which the 
reed forms a part broken by the vibration of the reed ? 

Ans. It is. 

Cross-Int. 88. In its normal state, when the reed is at rest, and 
no current flowing through the circuit of which it forms a part, the 
circuit at those parts connected with the reed or in contact with the 
reed is closed, is it not ? 

Ans. It is closed. 

Cross-Int. 89. Now, starting with that condition of things, if a 
current is allowed to pass through a circuit in which the reed is 
placed, it sets the reed in motion, does it not? 

Ans. Not necessarily. 

Cross-Int. 90. Is not that what it does in the practical operation 
of the instruments described in the patents, and in the transmitting 
instruments referred to, which have been produced in evidence ? 

Ans. That is the case with, I think, all the instruments produced 
in evidence, but not in the case in some of the patents put in 
evidence. 

Cross-Int. 91. In which one of the patents showing a vibrating 
reed forming a portion of a circuit is this not the case when the 
instrument is used in the manner it is designed to be used ? 


Adjourned to April 5, 1879, at 10.30 A.M. 


New Tonx, April 5, 1879, 10.30 A.M. 


Ans. In my patents, numbered respectively 186,340, dated Jan- 
uary 16, 1877 ; 179,549, dated July 4, 1876 ; 205,378, dated June 235, 
1878, reference is made to a transmitter describing in my patent 
No. 165,728, granted July 20, 1875. In this transmitter the reed 
forms a common track for two circuits through a part of their length. 
One circuit connecting with the reed branches off on the right hand 
break-point is represented in the figure, passing directly to the 
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other pole of the battery, without passing through any electro-mag- 
net; the other circuit connects with the reed, passing off at the left 
hand break-point through the magnets of the instruments, complet- 
ing a circuit through a local battery. When used in the systems 
shown in the above-named patents, the closing of one circuit would 
not vibrate the reed, while, closing the other with the battery, it 
would vibrate the reed. 

Cross-Int. 92. Then, if I understand you, whenever the reed, 
being in a state of rest, is set in motion, it is set in motion by a cur- 
rent which passes through it? 

Ans. It is. 

Cross-Int. 93. And in all these instruments having vibrating 
reeds, the movement of the reed breaks the circuit of which it forms 
a part, and interrupts the flow of the current. Is that so? 

Ans. That is so. 

Cross-Int. 94. Now, what effect does this temporary current pro- 
duce in the receiving instrument, whatever it may be? I mean, of 
course, the receiving instruments which you have produced in evi- 
dence as being made in 1874 and 1875. 

Ans. I understand you to mean, by temporary current, that cur- 
rent which flows through the reed and its contact point at the mo- 
ment they are closed. The effect of closing this circuit, when the 
transmitter is connected, as shown in the several patents referred to 
in my ninety-first answer, is to divert that portion of the battery 
which is included in this temporary circuit from the main line in 
which the receiver is placed, or a large portion of it, thus causing, . 
at each vibration of the reed, an electrical impulse or wave to pass 
over the line, which acts upon the receiver in the same manner that 
a similar .mpulse obtained by any other mode would. 

Cross-Int. 95. Now, do not the vibrations of the reed of the 
transmitting instruments, if they are sufficiently rapid, produce, in 
addition to the electrical waves you have spoken of, sounds or sound 
waves in the atmosphere, which are given off into the space surround- 
ing the vibrating reed ? 

Ans. They do. 

Cross-Int. 96. I find in the caveat which has been put into evi- 
dence, filed by you in thé Patent Office February 14, 1876, these 
statements, 1 a description of the apparatus shown 
in the drawings: “Owing to this construction, the resistance 
varies constantly in response to the vibrations of the dia- 


phragm, which, although irregular, not only in their amplitude but 
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in rapidity, are nevertheless transmitted, and can, consequently, be 
transmitted through a single rod, which could not be done with a 
positive make and break of the circuit employed, or where contact 
points are used. I contemplate, however, the use of a series of dia- 
phragms in a common vocalizing chamber, each diaphragm carrying 
an independent rod, and responding to a vibration of different ra- 
pidity and intensity, in which case contact points mounted on other 
diaphragms may be employed.” I find no representation in the 
drawing of the apparatus referred to in the last sentence of the quo- 
tation, if I understand them, and I am unable, from the description, 
to make out what this apparatus was to be. Will you please explain 
it, stating what things you intended to use, and how they were to 
be arranged, and what their operation would be? 

Ans. The apparatus proposed in the sentence referring to a series 
of diaphragms, while it was not clearly defined in all its details in 
my mind at that time, I had this general idea. I have statedin the 
preceding sentence to the one under discussion in my caveat, in sub- 
stance, that articulate sounds could not be transmitted successfully 
where a positive make and break in the circuit was employed. In 
making this statement I had in mind one form of the Reis telephone 
with which I was familiar, which had a fixed point so adjusted in 
relation to a diaphragm that when the diaphragm was thrown into 
vibration by the voice, or other sound, it would make and break 
contact with this fixed point; and if an electric current were passing 
through it, it would be interrupted. The idea I had in mind where 
I speak of the series of diaphragms, each carry an independent rod, 
&c., was not to have the rods or points to vibrate against another 
fixed point, but to have such points mounted in some manner that 
they would yield, as, for instance, on another diaphragm, or some- 
what after the manner shown in my patent No. 194,671, granted 
August 28,1877. This patent shows a diaphragm having a light 
lever hinge at one end, while the other rests upon the center of the 
diaphragm, which has glued upon it a small piece of platinum, mak- 
ing the electrical connection with the binding post. The operation 
of such an apparatus as last described, in contrast with the one 
described having a point with a fixed relation to the diaphragm, is 
very different. In the latter arrangement, when the diaphragm is 
thrown into vibration, it does not necessarily produce an actual break 
in the circuit. If the vibration is too powerful, it will; otherwise, 
it simply has the effect of varying the resistance, and the variation 
of resistance is proportional, within certain limits, to the amplitude 
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of vibration of the diaphragm. The idea of using a series of dia- 
phragms, differently stretched or tuned, I supposed at that time 
would give the instrument a greater range—a theory which has 
since proved to be false. Although the instrument would operate 
if so constructed, but not so well as with a single point. 

Cross-Int. 97. Was the fact that the resistance to a current of 
electricity passing through two points in contact would vary with 
the pressure between those points and within certain limits in pro- 
portion to the pressure a well-known fact im electrical science at 
the time your caveat was filed ? 

Ans. It was well known to me as far back as 1867, and, I believe, 
it was old in the art at that time. 

Cross-Int. 98. Part of the exhibit embracing your caveat, Defend- 
ant’s Exhibit Gray’s Caveat, is a notice to caveator, dated February 
19, 1876, containing the following: “You are hereby notified that 
application has been made to this office for letters patent for tele- 
phonic telegraph, etc., with which the invention described in your 
caveat, filed on the fourteenth day of February, 1876, apparently 
interferes,” etc. The notice concludes as follows: “If you would 
avail yourself of your caveat, it will be necessary for you to file a 
complete application within three months from date; three days 
additional, however, being allowed for the transmission of this 
notice to your place of residence.” This notice is addressed: 
“Elisha Gray, care of W. D. Baldwin, present.” Did you, person- 
ally, see this notice, or know that it was sent at the time, or about 
the time? 

Ans. I am quite sure I saw it. I certainly knew it was sent 
within a few days of the time. 

? Cross-Int. 99. Did you know or understand whose application it 
was which is referred to in the notice as interfering with the inven- 
tion described in your caveat? 

Ans. At the time I received the notice I did not know. 

Cross-Int. 100. When did you first learn? ° 

Ans. I do not know that I ever learned except from what I in- 
ferred from the official record in the case. 

Cross-Int. 101. What did you infer from the official records of 
the case, and when did you make that inference? 

Ans. I supposed it to be Professor Bell's application from two 
or three facts. One was the correspondence with Pollok and Bailey, 
who were Professor Bell’s attorneys in another case or cases, relat- 
ing to the transmission of musical sounds. Another thing, which 
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led me to suppose such was the case, was the fact, that a few days 
after I was notified to complete my application, I received a letter 
through my attorney, Mr. Baldwin, notifying me that the notice to 
complete, previously sent me, was withdrawn. Shortly after this a 
patent was issued to Professor Bell which helped to confirm me in 
the idea I before had, that he was the interfering party. I wish to 
add that, as to the official correspondence referred to, I do not now 
recall at which time I first saw it; whether it was before the issue 
of Professor Bell’s patent of March 7, 1876, or after. 

Cross-Int. 102. Had there not been, for some considerable time, 

one or more interferences in the office between yourself and Pro- 
fessor Bell upon inventions relating to musical telephones, or the 
multiple transmission of messages by means of sounds representing 
the Morse characters ? 
Ans. There was an interference between myself and Professor 
Bell on applications filed by me on the 23d of February, 1875, and 
by Professor Bell on the 25th of February, 1875. I think, perhaps, 
two previous applications of mine were also involved to some 
extent. 

Cross-Int. 103. When did you first see the specification of Mr. 
Bell’s patent of March 7, 1876, to which, as I understand you, you 
have just referred ? 

Ans. I think it was during the same month of the issue of the 
patent. My recollection is that Mr. Baldwin sent me a copy to 

i ia, where I was then stopping. 

Cross-Int. 104. You referred, in your direct examination (in your 
fifty-first answer), to a lecture of Professor Bell’s, a printed copy of 
which was sent to you by some one about the time of Professor 
Bell's exhibition at the Centennial; will you look at the pamphlet 1 
now hand you, and state whether or not it is the same lecture as 
that of which you received a printed copy? 

Ans. It is the same, to the best of my recollection. 


Complainant’ counsel offer the pamphlet in evidence and 
the same is marked “ Complainants’ Exhibit 9, W. C. W., 
Err.“ 8 

Defendant's counsel objects to the use by the complainants, 
in evidence, of the statements of Professor Bell made in the 
said pamphlet. 


Cross-Int. 105. In your answer to the fifty-third direct interroga- 
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tory you gave a description of certain apparatus of Professor Bell’s 
which you saw at the Centennial. Who was present at the time 
you saw that apparatus? 

Ans. There were a large number of people present, and of those 
I call to mind at this moment I will name Professor Bell, the 
Emperor of Brazil, Sir William Thomson, Professor G. F. Barker, 
Professor James C. Watson, Professor Hillgard, Rudolph Koenig. 
Those are all I think of just now. 

Cross-Int. 106. Did you, at that time, see the apparatus tried 
which you described in your direct examination? 

Ans. I did. 

Cross-Int. 107. What did you see done with it? 

Ans. I saw, at the receiving end, several persons holding the 
receiving instrument to their ears. At the transmitting end, I saw 
aman talking into the instrument, that I have described as the 
transmitter. 

Cross-Int. 108. Did you yourself try the receiving instrument to 
your ear? 

Ans. I did. The Emperor had just been using the receiving 
instrument ; as he took it down from his ear and started away to the 
transmitting end, he said: “To be or not to be.“ From this I took 
the clue as to what was being recited at the transmitting end. I 
listened intently for some moments, hearing a very faint, ghostly, 
ringing sort of a sound ; but, finally, I thought I caught the words 
“ Aye, there’s the rub.” I turned to the audience repeating these 
words, and they cheered. 

Cross-Int. 109. Was that the first time you had heard articulate 
speech transmitted over an electric circuit ? 

Ans. It was the nearest approximation to articulate speech that 
I had ever heard. 

Croes-Int. 110. It was the first time, was it not, that you had 
listened at a speaking telephone apparatus for the purpose of hear- 
ing what it would do? 

Ans. I made some experiments about the same time in the 
Exposition Building with a transmitter that I have referred to in 
my direct testimony ; but I am unable, at this time, to state whether 
those experiments were conducted before or after Professor Bell's 
exhibition. My impression is, it was after. If so, the results I ob- 
tained at Professor Bell’s exhibition were the first approximating 


Cross-Int. 111. In your experiments with your own transmitter 
in the Exposition Building, what did you use for a receiver? 

Ans. I used the wooden sounding-box receiver, as that was the 
only thing I had there. 

Cross-Int. 112. Was that transmitter made in Philadelphia? 

Ans. It was. 

Cross-Int. 113. Was the corstruction of that transmitter the 
first attempt you had made to construct the apparatus specifically 
edescribed and represented in the drawings of your caveat? 

Ans. I believe it was. Of this I am not quite certain. 

Cross-Int. 114. You described in your direct examination a 
transmitting instrument exhibited by Professor Bell on the occasion 
referred to; did you see a different transmitting instrument among 
the apparatus exhibited by Professor Bell ? 

Ans. I have no recollection of having seen any other than the 
one described. 

Cross-Int. 115. What apparatus did you exhibit to the Judges 
on that day ? 

Ans. I exhibited the musical telephone adapted to the trans- 
mission of tunes, consisting of a key-board transmitter and a 
variety of receivers, among which was a wooden sounding box re- 
ceiver, another having a series of sounding boxes connected by one 
bar, and the revolving drum receiver. In addition to this I ex- 
hibited my harmonic telegraph system, substantially as described 
in my patent No. 186,340, granted January 16, 1877. I also ex- 
hibited a receiver shown in my patent 166,094, granted 27th July, 
1875. With this receiver I exhibited the method of making the 
tone single operate an ordinary Morse sounder. The other tele- 
graphic receivers were substantially like those described in my pat- 
ent No. 175,971, granted April 11, 1876. ‘ 

Cross-Int. 116. Was the wooden box receiver which you had 


there, the one, or like the one, which has been put in evidence, 


marked “ Gray’s Wooden Sounding Box Magnet Receiver?” 

Ans. It was substantially like it. I think the box was larger 
somewhat, and had S-shaped openings in the top instead of the 
side, as in the exhibit. | 

Cross-Int. 117. Did you see the reports of the Judges when they 
were made upon the apparatus exhibited by you, and also upon 
that exhibited by Professor Bell ? 

Ans. I saw the report made upon my own apparatus, but not on 
that of Professor Bell. 


— 
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Cross-Int. 118. Did you see this report upon your apparatus be- 
fore it was printed or afterwards ? 


Ans. I first saw it when it was sent to me officially by the offi- 
cers of the exposition. 

Cross-Int. 119. When did you first see the printed reports of the 
Judges issued in volumes, especially the volume containing the re- 
port on your own apparatus? 

Ans. I have no recollection now of having ever seen it; certainly 
not to read it. 

Cross-Int. 120. Have you ever seen that upon Professor Bell's 
apparatus? 

Ans. I have not. 

Cross-Int. 121. Will you look at pages 92 and 93 in George B. 
Prescott’s book entitled, The Speaking Telephone, Talking Phono- 
graph and other Novelties,” and state whether you ever before 
read what there is on those pages, purporting to be the official re- 
port of an instrument exhibited by Mr. Bell, at the Centennial Ex- 
hibition, signed by Sir William Thomson and others. 

Ans. I think this is the first time I ever read consecutively, 
either the official report or what purported to be of Sir William 
Thomson, regarding Professor Bell’s exhibit at the Centennial. I 
have seen statements in the newspapers of a somewhat similar 
character ; and I call to mind particularly an extract from Sir Wil- 
liam Thomson's address after he went back to Europe. 

‘Cross-Int. 122. When did you first see such statements and ex- 
tracts? 

Ans. The first that I recollect now was contained in the before 
mentioned address of Sir William Thomson. This I saw some 
time in the fall of 1876; I cannot fix the date accurately. 

Cross-Int. 123. Will you look at page 21 printed reports and 
awards, group 25, of the Centennial Exhibition ; state whether you 
ever before saw what is contained in that page, with reference to 
Professor Bell’s Exhibits, either in this book or in any other publi- 
cation, or any part of it; and, if so, when you first saw it? 

Ans. I did not see it in the book above mentioned, and I cannot 
swear that I ever saw that article in any publication. I have seen 


newspaper extracts that read in a somewhat similar manner and my 


recollection is, that I saw something of the kind late in the fall of 
1876 or in the winter of 1876-7. 

Croes-Int. 124. Did you, about the time you saw Professor Bell’s 
apparatus at the Centennial Exhibition, call on Professor Bell at 
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his rooms, and converse with him on the subject of the speaking 
telephone ? 

Ans. I remember going with Professor Bell to his room, I think 
the evening betore the exhibition; about this I am not sure. I re- 
member a general conversation we had on various subjects, among 
others, the multiple telegraph, and I remember Professor Bell spoke 
to me about some experiments that he had made that pointed to- 
wards a speaking telephone. I also, at this time, spoke to Profes- 
sor Bell about my proposed mode of accomplishing the same result 
as set forth in my caveat. I do not remember that I mentioned the 
caveat, neither do I remember with what detail I described it to 
him. 

Cross-Int. 125. Did you, after the exhibition of Professor Bell’s 
instrument at which you were present, call upon Professor James 
C. Watson, one of the Judges, and have conversation with him in 
reference to what Professor Bell had exhibited, and the results 
which had been observed that day by Mr. Watson and others, re- 
lating to the speaking telephone ? 

Ans. I never called upon Professor Watson in my life; I met 
him incidentally a number of times in and around the Centennial 
Building, both before and after the exhibition. I have an indistinct 
recollection of meeting him one day somewhere in the Centennial 
Building, and that there was some general conversation on the sub- 
ject of Professor Bell’s exhibition. Professor Barker was with me, 
I remember, and, as I recollect it, he and Watson did most of the 
talking; but I have no distinct recollection of what was said by 
any of us at that interview. 

Cross-Int. 126. Will you look at an article entitled The Tele- 
phone,” and signed James C. Watson, commencing on the 95th page 
of the periodical “ Nature,” of the issue of December 5, 1878, and 
state if you have ever before read that article or any part of it, either 
in Nature or anywhere else? 

Ans. I have read the article both in “ Nature,” and two or three 
newspapers which had copies of the article, and I have also read it 
in a hand bill purported to be published by the Bell Telephone 
Company. 

Cross-Int. 127. Will you look at that part of the article which 
purports to give the conversation between yourself and Professor 
Watson, and state whether you at any interview said to him what 
is there stated you did, or anything substantially like it? 

Ans. According to this report Professor Watson says: “The 
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news of these successful experiments soon circulated freely and the 
day following, or possibly two days afterward, Mr. Gray came to me 
and inquired whether the reports of our success with Bell’s tele- 
phone were correct. I have no recollection of asking Professor 
Watson regarding their success with Bell’s telephone, I did not 
need to ask him, as I was present at both of the exhibitions he has 
named, and took part in the first one, as I before stated. At the 
second one, in the Judge's hall, I remember meeting Sir William 
Thomson as he came out from that exhibition and he named to me 
a certain sentence which he had heard, which I still remember. The 
report further says, “ And, upon receiving from me an affirmative 
reply, he said, that it was impossible that he had been deceived in some 
way, that the transmission was by actual metallic contact through 
the wire, and that it was, to use his own words ‘ nothing more than 
the old lover's telegraph.’” If he means to say that I said that the 
electrical transmission of articulate speech was impossible, I did not 
say it. I may have said, although I have no recollection of it 
whatever, that I thought it would be impossible to make a practical 
working speaking telephone on the principle shown by Professor 
Bell, to wit : generating electric currents with the power of the voice, 
as it seemed to me then that the vibrations were so slight in 
amplitude and the inductor necessarily so light that the currents 
thus generated would be too feeble for practical purposes: the fact 
that such motion in a magnetic field, with an inductor of sufficient size 
would procure magneto-electro currents, was not new to me at that 
time. I do not know what he can mean by “ actual metallic con- 
tact through the wire” as it conveys no intelligent idea to my mind. 
I suppose, however, he had reference to the lover's telegraph. He 
says he quotes my own words, and he has put in quotation marks 
nothing more than the old lover's telegraph.” I could not have 
used those words, because I did not at that time know by that name 
the apparatus now known by that name. I remember distinctly 
when I first heard it. It was in the fall of 1876, on the second floor 
of the Western Union building, New York. The apparatus was 
sold on the streets at that time, and a gentleman who was assisting 
me bought a set for me. When he brought them in he told me what 
it was called on the street, “the lover's telegraph.” I afterwards 


remember seeing the same name on the handbills of the dealers. 


I remember saying to Professor Barker, that if the wires connecting 
the transmitter and receiver of Professor Bell’s apparatus were 
properly suspended, so that they made no contact with any solid 
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substance between the two instruments, that the result might 
possibly be obtained by mechanical transmission through the wire. 
I may have said so in the presence of Professor Watson, although 
I do not now recollect it. I have above said thatI did not say that 
the electrical transmission of articulate speech was impossible. I 
could not have said it, because I knew not only from my own ex- 
periments, but from what I heard on Professor Bell's instrument at 
the first exhibition, I believed then, and have ever since, that the 
results I obtained were due to electrical transmission, and not 
mechanical. 


Adjourned to Monday, April 7, at 10.30 A. M. 


New York, April 7, 1879, 10.30 A. M. 


Cross-Int. 127A. Will you look at the report of the Judges 
previously referred to on pages 20 and 21, and on pages 131 and 132; 
and state whether the articles on those pages, so far as they relate 
to your inventions, are, either or both of them, the report or reports 
which were sent to you from the Judges? 

Ans. The report, on pages 20 and 21, I should say, was a brief 
abstract of the full report, found on pages 131 and 132. I believe 
this latter to be the same as contained in the official report sent to 
me. I cannot be positive as to exact wording, without reference 
to that report. 

Cross-Int. 128. Will you look at pages 13 and 196, and state if 
you find to whom the respective articles are attributed as the 
authors ? 

Ans. The article first referred to, on pages 20 and 21, is part of 
the general article entitled “Electrical Apparatus,” by Joseph 
Henry, LL.D. By reference to page 196, I find the following: 
“The figures annexed to the names of the Judges indicate the re- 
ports written by them respectively,” referring back to page 131, 
report No. 4, would be accredited to Sir William Thomson. 

Cross-Int. 129. Will you look at page 21 at Professor Henry’s 
general report, and state whether you find the article relating to 
your invention followed by one relating to the invention of Mr. Bell, 
forming a part of the same general report ? 

Ans. I find on page 21 a reference and short description of an 
invention which the writer claims to be that of Mr. Bell. 


Cross-Int. 130. Will you state whether these two articles are 
embraced under one specific heading or title on page 20, and if so, 
what that title is? 

Ans. I find on page 20 a heading which reads, “The Electric 
Telephone and Multiple Telegraph,” and I find the two articles 
above referred to embraced under that 

Cross-Int. 131. Will you look at pages 180 and 131, same vol- 
ume, and state whether you find there a report relating to Professor 
Bell's exhibit at the Centennial, and if so, to whom the authorship 
of that is attributed ? 

Ans. I find on pages 130 and 131 of the volume referred to a 
report of Professor Bells exhibit at the Centennial. By reference 
to pagel 96 I find this report accreditad to Sir William Thompson. 

Cross-Int. 132. Will you look and see if that report is the same 
as that of the article in Prescott’s book, pages 92 and 93, to which 
your attention has already been called. 

Ans. I find a portion of that report quoted in Prescott’s book ; 
and beginning about the middle of the report it is quoted word for 
word, for a number of sentences, the balance being simply a brief 
abstract. 


(Complainants offer in evidence the article on pages 20 and: 
21 of Professor Henry’s report, under the title of The Elec- 
tric Telephone and Multiple Telegraph, marked Com- 
plainants Exhibit No. 10, W. C. W., EX r.“ 

Also the article No. 3, same volume, on pages 130 and 131, 
under the title Alexander Graham Bell, Salem, Mass., U. 
S., marked ‘“ Complainants’ Exhibit No. 11, W. C. W., 
Ex’r.” 

Also the article in same volume, pages 131 and 132, No. 4, 
under the head Elisha Gray and Samuel Stockton White, 
Chicago Illinois, U. S., marked Complainants’ Exhibit 12, 
W. C. W., Ex'r.”) 

(The use in evidence of the three printed articles just 
above mentioned and offered in evidence by the complain- 
ants, is objected to.) 


‘ Crose-Int 138. In the fifty-ninth direct interrogatory you were 
‘asked to state how you were occupied in the year 1876, and down 
to October, 1877, etc. State whether or not in addition to what 


you stated in your answer to that interrogatory as to your occupa- 
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tion during those years, you delivered a lecture on the 27th of Febra- 
ary, 1877, at McCormick’s Hall, Chicago, at which you exhibited 
sundry inventions of your own, and explained their character ? 

Ans. I did deliver such a lecture, making such exhibitions, in 
McCormick’s Hall, Chicago, on or about the date mentioned. 

Cross-Int. 134. State whether or not, in the course of that lec- 
ture, you made any reference to Professor Bell and his invention of 
the speaking telephone. 

Ans. I did make reference to Professor Bell, and I explained his 
invention, as I have heretofore described as his in my direct ex- 
amination ; to aid in which I used diagrams and had a pair of in- 
struments on the stage, not in circuit, constructed on the same 

principle. 

Cross-Int 135. When and by whom were those instruments con- 
structed ? 

Ans. My recollection is, that they were made perhaps a month 
previous to the lecture, by a workman in the shops of the Western 
Electric Manufacturing Company, by the name of De Hondt. The 
instruments were owned by him, and I borrowed them for that oc- 
casion. 

Cross-Int 136. Will you look at the copy of the “ Chicago Tri- 

e bune” which I now hand you, dated February 20, 1877, and state 
whether you find in it, under the head of “ The Telephone,” a report 
of that lecture, and if so, whether it is substantially a correct report 
of that lecture, so far as it goes ? 

Ans. I find in that paper what purports to be a report of a lec- 
ture delivered by me at McCormick Hall, but I cannot say that it is 
a correct report, except in a very general sense. It seems to be a 
brief synopsis of the impressions made upon the reporter's mind at 
the time, and it is not in any sense a verbatim report, except, per- 
haps, in the case of a few detached sentences. 


(Complainants offer in evidence said report, and it is 
marked Complainants’ Exhibit No. 13, W. C. W., Ex’r.”) 
Objected to. 


Crosss-Int. 137. Did you before delivering that lecture have any 
correspondence with Professor Bell in respect to the lecture and to 
the exhibition of his invention of the speaking telephones ? 

Ans. I wrote him two letters about that time, I think both of 
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them before the lecture, and I remember the first one had reference 
to the exhibition of his invention at that lecture. 

Cross-Int. 138. Will you look at the letter I now hand you, and 
state whether or not it is the first letter which you sent to him? 

Ans. It is the first letter. 

Cross-Int. 139. Will you read it to the magistrate, to be taken 
down by him in answer to this question? 

Ans. I will. It is as follows: 


C Cuicaao, February A, 1877. 
“ Proressor A. G. BELL: 

“ My Dear Sm—I gave a lecture in McCormick Hall, this city, 
Tuesday evening, 27th inst., on the telephone as I have developed 
it. I also connect with Milwaukee and have tunes and telegraph- 
ing done from there. I should like to explain and exhibit your 
method of transmitting vocal sounds as well, but do not feel at lib- 
erty to do more without permission from you. I should explain it 
as your method, and not mine, although the office records show a 
description of the talking telegraph filed by me the same day yours 
was filed. The description is substantially the same as yours. I 
was unfortunate in being an hour or two behind you. There is no 
evidence that either knew that the other was working in this direc- 
tion. 

Without our facilities, I can get up an apparatus on a day's 
notice that will answer. I have a copy of your last patent, please 
telegraph at my expense, — 
accordingly. 

2 “ Yours truly, 


% Exisna Gray, 
“ 220 Kinsey Street, 
| “ Chicago. 
I send this care Mr. Hayes, as I do not know your address. I 
received a line from you through Mr. Baldwin, for which please ac- 
cept thanks.” 


Cross-Int. 140. I notice that in this letter you request Mr. Bell 
to telegraph you in reply; state whether or not he did so? 
Ans. He did. 
~"  Cross-Int. 141. Have you got his reply; if so, will you please 
read it ? 

Ans. It is as follows: 


“ Boston, Feb. 24, 1877. 


% ELA Gray, 

* Western Electric Mfg. Co.: 

“If you refute in your lecture, and in the “Chicago Tribune,” 
the libel upon me published in that paper February sixteenth, I 
shall have no objection. Please answer. 

“A. Granam BELL.” 


Cross-Int. 142. Did you reply to that telegram ? 

Ans. I did. 

Cross-Int. 143. Will you look at the letter I now hand you and 
state whether it is the one you sent in reply to the despatch, and if 
so, read it to the magistrate as a part of your answer? 

Ans. It is. It is as follows: 


* CHN, Feb. 24, 1877. 
“ Proressor A. G. BELL. 

“Sm—Your telegram received. In answer I would say, first, that 
I do not know what article you refer to, but will see the paper of 
that date. I have seen one or two articles lately that venture to 
assume that you are not the only man in the world who had con- 
tributed to the development of the telephone. If such assertions 
are libels, then you have been libeled, so far as I know the 
‘libels are mostly on the other side; if assertions of originality, etc., 
may be so considered. The papers here have been full of articles 
of late, copied from Boston papers, claiming the whole development 
of the telephone for you. It would not be strange if some one, 
knowing the facts, should speak, and in doing so, may have done 
you an injustice. 

“You seem to assume that I am responsible for all the news- 
paper articles that are not in your favor. I assert here that I have 
never said a word about you in the public prints, and I have always 
—even to the degree of offending some of my friends—defended 
you when I have heard disparaging remarks made about you ; and 
since I made your acquaintance I have taken the ground that we 
were both independent inventors. Now, if we are going into the 
refutation business I suggest that it be mutual. So far as I know, 
there is quite as much needed from your side as from mine. I am 
always willing to correct any wrong done you, even although I am 
not responsible. If we undertake to follow up the newspapers we 
will have our hands full. I shall not show your apparatus, as I do 
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not want any conditions imposed until I know what I am expected 
to refute. I do not know but that it is to deny all claim to the in- 
vention. Allow me to suggest that your telegram was just a little 
indiscreet, as it contained an assumption very unjust to me. 

“T do not know your address, so I send through Mr. Hayes. 

“ Yours truly, 
“FE. Gray. 

“P. S.—You should have sent your despatch collect as I re- 

quested it sent.” 


Cross-Int. 144. In this letter you say, near its commencement, 
“TI do not know what article you refer to, but will see the paper of 
that date.” Did you examine the paper and ascertain what the 
article was? 

Ans. I believe I did. 

Cross-Int. 145. Will you look at the date of the copy of the 
“Chicago Tribune,” which I now hand you, of the date of February 
16, 1877, and state if you find in it the article which you suppose to 
be referred to by Professor Bell ; and if so, point out to the magis- 
trate and allow him to copy it as part of the answer? 

Ans. I find an article in the personal column of the “Chicago 
Tribune,” of the date above referred to, an article that I supposed 
to be the one referred to by Professor Bell in his telegram. It is as 
follows: 

“Many of the Eastern newspapers are favoring their readers 
with sketches of Prof. A. M. Bell, ‘the inventor of the telephone.’ 
Meanwhile the real inventor of the telephone—Mr. Elisha Gray, of 
Chicago—minds his own business and apparently concerns himself 
not at all about the spurious claims of Professor Bell. Persons 
acquainted with the subject need not be informed that Mr. Gray's 
claims are incontrovertible. Science long since recognized them. 
They were established in the columns of the “ Tribune” years ago, 
before Professor Bell was so much as heard of. They are officially 
approved in the Patent Office at Washington, and they have already 
brought in large returns in money as well as in reputation to the 
inventor. Talking by telegraph and other sport of that description 
Mr. Gray has not paid much attention to as yet, because there is no 
present indication in it of anything more than sport; but the prin- 
ciples involved in it were discussed by him, and have all been used 
by him in a practical manner.” | 
Cross-Int. 146. Did you receive from Professor Bell a reply to 
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your second letter; if so, will you produce it and read it as s part 
of your answer? 
Ans. I did. It is as follows: 


“ Boston Untvensiry, March 2, 1877. 


ELA Gray, Esq, Chicago. 

“My Dran Sm—lI was somewhat hasty, I must confess, in 
sending my telegram, for of course you are not responsible for 
all the ill-natured remarks that may appear in the newspaper con- 
cerning me. 

“T am sorry that my telegram should have prevented you from 
making the experiments you desired, for it is my sincere desire to 
oblige you in any way I can. I am glad that you are willing to do 
me justice, and must thank you for saying a good word for me 
occasionally. I may say that it has uniformly been my custom to 
make honorable mention of your name in multiple telegraphy, and 
to give you the credit of being an independent inventor. 

* have not generally alluded to your name im connection with 
the invention of the electric ‘Telephone,’ for we seem to attach dif- 
erent significations to the word. I apply the term only to an ap- 
paratus for transmitting the voice (which meaning is strictly in 
accordance with the derivation of the word), whereas you seem to 
use the term as expressive of any apparatus for the transmission of 
musical tones by the electric current. 

“T have no knowledge of any apparatus constructed by you for 
the purpose of transmitting vocal sounds, and I trust that I have 
not been domg you an injustice. It is my sincere desire to give you 
all the credit that I feel justly belongs to you. 

*I do not know the nature of the application or caveat to which 
you have referred as having been filed two hours after my applica- 
tion for a patent, excepting that it had something to do with the 
vibration of a wire in water, and, therefore, conflicting with my 
patent. My specification had been prepared months before it was 
filed, and a copy had been taken to England by a friend. I delayed 
the filing of the American patent until I could hear from him. At 
last the protest of all those interested in my invention deprecating 
farther delay had their effect, and I filed my application without 
waiting for a conclusion of negotiations in England. It was certainly 
a most striking coincidence that our applications should have been 
filed on the same day. 


“‘T have been kept so busy during the past few - 
ing the examination papers of my normal school, that I have been 
unable to wnite. 

“Tn haste, 


“Yours truly, 
: nm dean Bex.” 


Cross-Int. 147. Will you look now to the letter I hand you, and 
state whether you sent it to Professor Bell in answer to a letter 
from him which you have just produced, and if 30, will you read it 
as a part of your answer? 

Ans. I did. It is as follows: 


Oma, March 5, 1877. 
‘“Pror. BELL: 


“My Dear Sm—I have just received yours of the 2d inst., and I 
freely forgive you for any feeling your telegram had aroused. 
I found the article I suppose you referred to in the personal 
column of the “Tribune,” and am free to say it does you in- 


* gave you full credit for the talking feature of the telephone, 
as you may have seen in the ‘ Associated Press’ dispatch that was 
sent to all the papers in the country, in my lecture in McCormick 
Hall, Feb. 27. There were four different papers represented at the 
lecture, but only one—the Tribune — alluded to my mention of you 
except the ‘ Press’ dispatch. I described your apparatus at length 
by diagram. 

“Of course, you have had no means of knowing what I have done 
in the matter of transmitting vocal sounds. When, however, you 
see the specification, you will see that the fundamental principles 
are contained therein. I do not, however, claim even the credit of 
inventing it, as I do not believe a mere description of an idea that 
has never been reduced to practice, in the strict sense of that phrase, 
should be dignified with the name invention. 

“ Yours very truly, 
“ Exiga Garay.” 
N 

Cross-Int. 148. I find in the certified copies of the file wrapper, 
contents and drawings of the three applications for patents made by 
you on the 29th October, 1877, which have been put in evidence, 


— — 9 4 


384 DEFENDANTS EXHIBITS. 


that letters of the same date were sent by your attorneys to the 
Commissioner, requesting that a model in each case may be tempo- 
rarily dispensed with. Why was that request made? 

Ans. I had forgotten that such a request had been made, and I 
am unable to recall now, except that I have a faint recollection 
that the models were not ready at the time of the filing of the appli- 
cations. 

Cross-Int. 149. Do you mean that they were not constructed or 

7 

Ans. Tes, sir; I mean that the instruments we wished to file 
in the office were probably not completed. I do not mean by this 
that none of them were ever made before, or instruments substan- 
tially like them. 

Cross-Int. 150: In constructing the instruments represented 
in your caveat, on which the diaphragms are stretched, what ma- 
terial would judge it best to use in order to secure the best 
results ? 

Ans.. I should have but very little choice m the selection of ma- 
terial farther than this: To get the best results I would endeavor 
to prevent exciting vibrations in either the transmitting or receiving 
diaphragm other than those excited in the air by the utterance of 
any given word or sound. To prevent this, it is best to use a ma- 
terial that will not too readily take up the vibrations of the dia- 
phragm. I would name as one very good substance vulcanized rub- 
ber as being better either than wood or metal; but the difference 
is not sufficient to destroy practically the working qualities of the 
instrument. 

Cross-Int. 151. Will you look at Mr. Prescott’s book which has 
been previously referred to by you? State whether you wrote that 
part of it commencing on page 183 with the words: In the follow- 
ing pages,” and extending to the passage on page 205, closing with 
the words, “by means of electricity,” or any part of it ? 

Ans. So far as I can judge, without actual comparison, I should 
say that this was copied from some of my writings. 

Cross-Int. 152. When and where was it first published? 

Ans. I think the fivst publication of this particular article ap- 
peared in this book— Prescott’s. 

ross-Int. 153. When was it written ? 

Ans. To the best of my recollection, part of it was written some 
time prior to February 14, 1876. Part of it was not written till the 
winter or spring of 1877. | 


Cross-Int. 154. What part of it was written prior to February 14, 
1876, and when was such part written? 

Ans. The part beginning on page 202, the part entitled Gray's 
Specification, February 14, 1876. My answer assumes that this is an 
exact copy of my caveat, but I have not compared the two to see 
that it is perfectly accurate. It was written, I think, a few days be- 
fore the date above mentioned, but I cannot definitely fix the time 
at this moment. 

Croes-Int. 155. Will you look at the pamphlet I now hand you, 
entitled “ Journal of the American Electrical Society,” published in 
1875, Vol. L, No. 1, and state whether or not you wrote the article 
commencing on page 3 and extending to page 15; and if so, when 
you wrote it? 

Ans. I wrote the article substantially as it appears here, about 
the time it purports to have been delivered, March 17, 1875. I after- 
ward revised it for publication some time prior to the issue of the 
journal; to the best of my recollection it was the following fall. 

Cross-Int. 156. State, if you remember, whether the second and 
third numbers of that journal contained articles under your name, 
which were written by you ? 

Ans. I remember having written two other articles which ap- 
peared in subsequent issues of the same journal. 


Adjourned to Tuesday, April 8, at 10.50 A. M. 


New York, April 8, 1879, 10.30 A. M. 
The witness, Rmna Gray,continues his answer to one hundred and 
fifty-sixth cross-question : 
Since yesterday I have looked at the articles referred to in Nos. 
2 and 3 of the said journal, being articles bearing my name, and 
identify them as articles of my composition. 


Drmect EXAMINATION RESUMED : 
. 

Int. 157. In your answer to the eighty-third cross, you say, I 
have always understood that any instrument or apparatus capable 
of transmitting sound to a distance was properly callsd by the name 


telephone.” Do you include here under the term sound,” musical 
or other inarticulate tones, as well as articulate speech? 

Aus. I do. 

Int. 158. Has the word telephone been commonly used among 
scientific men, in this broad sense, for a time beginning previously 
to the invention in controversy in this case, and will you give such 
illustrations of that fact as oocur to you? 

Ans. It has. And as one illustration, I call to mind a descrip- 
tion of what is called the Reis telephone, which will be found in a 
little work on electricity, by Ferguson, at pages 257 and 258. A re- 
production of the cut of this apparatus, substantially as described in 
the above book, was published some years since, prior to 1874, in 
the Manufacturer and Builder.” It was also published in The 
Telegrapher,” at an early date. 

Int. 159. Will you look at the application of Mr. Bell, which is 
referred to in the first one of the patents in suit in this case as a 
pending application of his, dated February 25, 1875 (a copy of which 
is in evidence, marked: “ Defendant's Exhibit A,) and state to what 
sort of an apparatus you there find him applying the word “ tele- 
phone?” 

Ans. I understand the apparatus referred to by Professor Bell, in 
the application named, to be such an one as was to be found 
the philosophical apparatus of almost any first-class college, and it 
was a modification of the Reis telephone receiver, and was com- 
monly called Wertheim’s apparatus. It consisted of an iron rod 
from two to three feet long, perhaps a quarter of an inch in diam- 
eter, and when used was passed into an ordinary helix. When in 
operation it was placed in circuit with some vibrating circuit- 
breaker, as a transmitter, usually vibrating at a very slow rate, and 
is used to demonstrate the general fact that a bar of iron elongated 
under magnetization, and also produced a noise at the moment of 
magnetization or demagnetization. Professor Bell, in his applica- 
tion of February 25, 1875, proposed to use it as a receiver, in con- 
nection with the transmitter, which, in general, may be described as 
an ordinary vibrating electrotome or reed. 

Int. 160. Is the apparatus described in this application of Feb- 
ruary 25, 1875, an apparatus for sending telegraphic signals over a 
single wire, an intermittent current being produced by a vibratory 
make and break ? 

Ans. It ia an apparatus designed to transmit telegraphic signals, 


. 
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and an intermittent current is produced by an actual make and 
break of the circuit by the vibrator of the transmitter. 

Int. 161. You have spoken on your cross-examination of a mul- 
tiple telegraph which was exhibited at the Centennial in 1876 by 
Mr. Bell; please describe it? 

Ans. As I remember the apparatus, the transmitting portion of 
it was very similar to the transmitter shown in Professor Bell's ap- 
plication of February 25, 1875. The receiver was substantially the 
same as shown in that application, with the addition of an arrange- 
ment for operating a local circuit, the whole instrument being sub- 
stantially as shown on page 59 of Prescott’s book on the speaking 
telephone and phonograph. There were two transmitters and two 
receivers connected in circuit on the same table. I do not know how 
the circuits were connected with the instruments in detail, and 
neither can I swear that the instruments were exact reproductions 
of the cuts I have referred to. 

Int. 162. By consent of the counsel for the complainants, I will 
ask you if you gave an exhibition of the use of your key-board 
musical transmitter with the concave metallic diaphragm receiver, or 
with the resonant box magnet receiver, at your dwelling house, in 
or near Chicago, before going to Europe, in Augnst, 1875; if so, 
state what apparatus was used, by whom, how, with what results, 
and what number of persons were present. 

Ans. I did. The apparatus I used on that occasion was the two- 
octave multiple transmitter, now in evidence, the concave metallic 
diaphragm magnet receiver, a duplicate of which is now in evidence, 
and the violin animal tissue receiver, now in evidence. The trans- 
mitter was placed in the dining-room of the house, and the receivers 
were placed in the parlor, having the doors closed between. A 
wire connected the transmitter with the receiver, forming a closed 
circuit, in which was included a battery, the connections being the 
same as have been heretofore described. A number of tunes were 
transmitted from the transmitter to the receiver, and most of the 
time my wife did the playing while I presided at the receiving end. 
The results were entirely satisfactory, so that all in the room could 
hear the tunes that were received, and there were from thirty to fifty 
persons present. This was the evening before I left home to go to 
Europe. 
Int. 163. Do you know whether any model was filed at Patent 


3 — 
. 


gr MMC — 


2 ů Ree 


rr 
—— ͤ „ „ͤ%4“ 
— 


— — — on pie PO emma Hs 
— — — ee 5 Tabak 4 
—— — — — — n + ab 
nga nese a = — — ee — * 7 
K 3 21 42 * — it agape iy All * an 3 Pate e we 
. eke Dae a — 
— ee ee . —_— — 
0 — =e —— — — — : 
. N ee ee — 


338 DEFENDANTS EXHIBfTS. 
Office with the application for Mr. Bell’s patent of March 7, 1876, 
in suit? 

Ans. I don’t know. 


W Gray. 
Attest: W. C. Wrrrer, Examiner. 


(Counsel for defendant puts in evidence a certified copy of the 
correspondence found in file, in the matter of the letters patent 
granted Alexander G. Bell, March 7, 1876, No. 174,465, for telegra- 
phy ; and the same is marked “ Exhibit Bell and Patent Office Cor- 
respondence, W. C. W., Nr.“) 

The counsel for defendant admits that in an exhibition given 
by Mr. Elisha Gray, in the City of New York, April 2, 1877, Mr. 
Gray said substantially, as is reported in the “ New York Tribune” 
of the following day, thus: 

“ After the first part of the programme had been executed, Mr. 
Elisha Gray came forward and addressed the audience. He was 
aware that great confusion existed in the popular mind as to what 
this telephone could perform ; in particular it had been confounded 
with the speaking telephone invented by Professor A. Graham Bell, 
of Boston. Prof. Bell, Mr. Gray said, was present in the audience. 


(Adjourned.) 


8 2 
. 


e. C Defendants’ Exhibit, “Deposition of 
Elisha Gray (recalled).” 


(Introduced by defendants in this Court, from printed record, 
Bell Telephone Company ef ai. Peter A. Dowd, pp. 279-285.) 


J. A. V., Sp. Nr. 
(Introduced in Record, p. 12.) 


Dmecr Exammatson sy Guo Baowne, Feo, or C ror 
DEFENDANT. 


New Tons, May 7, 1879. 
%K 0 


Int. 1. It appears from the testimony of Mr. Goodrich that there 
were made for you in Chicago, in 1874, before you went abroad, two 
resonant box magnet receivers, like the exhibit of that name, each 
made of tinned iron and that one of these was sent to Washington 
as a model accompanying your application for your magnet receiver 
patent, No. 166,095, dated July 27, 1875. Did you take this reson- 
ant box magnet receiver yourself to Washington ? 

Ans. I did. 

Int. 2. Did you personally know that it was deposited in the 
Patent Office as the model making part of your application for your 
magnet receiver patent above mentioned ? 

Ans. I know that it was sent there for that purpose by Mr. 
Hayes, who was at that time my patent attorney. I will add that 
Mr. Hayes was in Washington with me at that time, and that the 
drawings of the magnet and the resonant box were made at Wash- 
ington, and when completed I compared them with the models. 

Int 3. Do you remember seeing the model on the files of the 
Patent Office at any time after your application was filed or your 
patent granted ? 

Ans. I do remember having seen it on several occasions, both in 
the case in the model room, and in the room of the examiner. 

Int. 4 Where in Washington were the drawings made to which 
Fon referred just now? 

Ans. They were made in the office of Hill & Ellsworth, patent 

solicitors, to the best of my recollection. 
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Cross-EXAMINATION BY J. J. Sronnow, Esq., or CounsEL For Con- 
PLAINANTS. 


Cross-Int. 5. What was the date of the occasions referred to in 
the third answer? | 

Ans. I cannot give you the exact dates. I wasa frequent visitor 
at Washington, and often had occasion to look through the model 
cases, and saw these incidentally. Sometimes I was showing my 
friends through the office and called particular attention to the mod- 
els as representing my inventions. 

Cross-Int. 6. State as nearly as you can when you recollect hav- 
ing seen in the model room of the Patent Office, in connection with 
or as part of the model for patent 166,095, a tin box like that of the 
exhibit referred to in the first question of to-day’s deposition ? 

Ans. To the best of my recollection, the first time I saw it was 
not a great while after the issue of the patent in which it is repre- 
sented. 

Cross-Int. 7. How soon after? 

Ans. I cannot tell how soon it was, but during the first few 
months following the issue of the patent; it may have been one and 
it may have been six. 

Cross-Int. 8. Are you sure you saw it within six months of the 
issue of that patent? 

Ans. I am sure I saw it, and I believe it was within six months. 

Cross-Int. 9. Was it within five months of the issue of that pat- 
ent? 

Ans. I don't know. 

Cross-Int. 10. Who was with you on the occasion when you say 
you saw it? 

Ans. I cannot, without refreshing my recollection, state who 
was with me, as the occasions of my visits were so frequent that I 
only recollect at this moment the fact that on some of the occasions 
I had friends with me, but I cannot tell whether there was any one 
with me the first time I saw it or not. 

Cross-Int. 11. When do you think you saw it the second time 
in the model room? 

Ans. I cannot fix the dates exactly, but the times that I saw it 
occurred between the date of the issue of the patent, July 27, 1875, 
and about the same date, 1877. I saw one portion of it, namely, 
the magnet portion, within the last six months. To my best recol- 
lection, about mid-winter, 1878-9. 


Cross-Int. 12. All my questions as tu what you saw in the Pat- 
ent Office at Washington have had reference to a tin box like that 
now attached to the exhibit and not to the magnet portion of the 
receiver. If you have answered the questions upon any different 
understanding, please say so, and correct your answers, if need be. 

Ans. All of my answers, with the exception of so much of the 
last answer as especially refers to a part, referred to the model as a 
whole, consisting of the magnet, mounted upon a base, and the tin 
box. 


Cross-Int. 13. Can you fix the occasion when you think you saw 
in the model room such a tin box as part of the model of the Patent 
166,095 any more definitely or any differently from what you have 
done in your eleventh answer; if you have any recollection’ differ- 
ent or more precise than that stated in your eleventh answer, please 
to give it? 

Ans. I cannot fix the dates more definitely at this moment. I 
think I could do so, however, if I had time to refer to data that 
would fix the occasions, which I have not with me. 

Cross-Int. 14. When did you first go to that model room for the 
purpose of finding or looking at such tin box? 

Ans. I do not recollect at going at any time for the specific pur- 
pose of looking for the tin box. The times that I saw it were, as I 
stated before, when I was looking through the models generally. 

Cross-Int. 15. What was the date of the occasion when you think 
you saw in the Examiner's room, as part of your model 166,096, a 
tin box like that now tied to the exhibit ? 

Ans. I cannot fix the date more nearly than I have. The most 
of the time I saw it was in the model case up-stairs. 

Cross-Int. 16. Give me your best recollection as to when you 
saw such a box, as part of that model, in the Examiner's room. 

Ans. To the best of my recollection it was during the latter part 
of the time between the dates of the issue of the patent and about 
July, 1877, as mentioned in my eleventh answer. 

Cross-Int. 17. What occasion did you have for it in the Examin- 
ers room during that period? 

Ans. I had no occasion for it. I merely saw it incidentally 
when I called on the Examiner, as I frequently did. 

Cross-Int. 18. Did you on any of those occasions have any con- 
‘+ Versation with the Examiner about that particular part of the model 
which consisted of said tin box ? 

Ans. Tes; on a number of occasions. These conversations were 
with reference to the patent and its bearing upon other cases. 
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Cross-Int. 19. Who was the Examiner you conversed with ? 

Ans. Mr. Wilbur was Examiner during a portion of the time, 
and Mr. Townsend, since Mr. Wilbur left that department. 

Cross-Int. 20. What was the date, as nearly as you recollect, of 
the first of such conversations with Mr. Wilbur? 

Ans. My recollection is that the conversations referring to the 
before mentioned model were mostly with Mr. Townsend. 

Cross-Int. 21. When did you have your first conversation with 
Mr. Townsend about the model, having at the sam time such a tin 
box, forming part of that model, in the Examiner’s room with you? 

Ans. I do not recollect when the first conversation took place, 
but I recollect that the operation of the model, as described in the 
patent, in some of its bearings was discussed soon after filing the 
application for reissued patent, granted January 28, 1879, applica- 
tion filed May 7, 1878. I do not think I saw the model at this time 
or any part of it later than above date till the winter of 1878-9, 
mentioned in my eleventh answer, my attention then being called 
for the first time to the fact that the tin box had been mislaid or 
lost. 

Cross-Int. 22. Did you have such a tin box before you in the 
Examiner's room, as part of that model, upon any of the occasions 
referred to in your last answer? 

Ans. I do not think we had, as there was no occasion for it. The 
time or times I saw it in the Examiner's room it was on the shelf 
with the other models. It is always my habit to see everything of 
that character when I am where they are. 

Cross-Int. 22. Was there such a box as part of that model any- 
where in the Examiner’s room upon the occasions referred to in 
your twenty-first answer ? 

Ans. To the best of my recollection, there was such a box in 
the Examiner's room, and I have a clear recollection of seeing the 
box carried to the magnet, as shown in Defendant's Exhibit Gray's 
Resonant Box Magnet Receiver, either in the Examiner’s room or 
in the model case upstairs. 


Whole of answer objected to as irresponsive. 


Cross-Int. 24. Please to read the last question again and an- 
swer it. | 

Ans. I meant to say in my last answer, that to the best of my 
recollection there was such a box in the Examiner’s room, on some 
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* of the occasions referred to in my twenty-first answer. I think the 
matter was talked of after the date mentioned, as the time I first 
discovered that the box was lost, namely, the winter of 1878-9. 

| Croes-Int. 25. In your twenty-first answer you spoke of some 
discussions which you say took place in the Examiner's room soon 
after May 7, 1878. I want to know whether, during those dis- 
* cussions after May 7, 1878, such a hollow tin box, such as is shown 
in the exhibit, was present in the Examiner’s room as part of the 
model of patent 166,095 ? 

Ans. I have said in my twenty-first answer, in speaking of the 
discussion which took place after the filing of the reissue applica- 
tion, I do not think I saw the model at this time, or any part of 
it,” and I here repeat that I do not think that I saw it at that 
time. 

) Cross-Int. 26. Am I to understand that you do not know whether 
: such a box existed in the Examiner's room as part of that model, or 
any of the occasions referred to in the last question? 

7 Ans. I understand your twenty-fifth question to refer only to 
the discussions which took place in the Examiner's room after the 
filing of the application for reissue, May 7, 1878, and I mean to say 
that I do not know whether the model, including the tin box, was 
in the room at that time or not. I have no recollection of seeing 
it on that occasion, or any occasion later, so far as the question re- 
lates to the tin box. 

Cross-Int. 27. Will you now tell me as nearly as you can the 
date when you did see such a tin box as part of that model in the 
| Examiner s room? 

Ans. I cannot fix the dates any nearer than I have in my answer 
to the sixteenth cross-question. 

Croes-Int. 28. The period referred to in that answer, covers two 
years. Can you fix the occasions as being within the last six 
months of those two years ? 

Ans. I cannot with certainty. 

Cross-Int. 29. Can you fix them as not being within the first six 
months of those two years? 

Ans. I cannot swear that I did not see it there during the first 
six months of those two years, but it is my impression, as I before 
stated that it was later that I saw it in the Examiner's room. By 

“+ “it” I mean the model, including the box. 

Cross-Int. 30. Did you on any occasion when you knew that 
such a tin box was in the Examiner’s room, have any conversation 
with him on the subject of such a box? 


— oy 
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Ans. I have a general recollection that on several occasions the 
model, including the box, was referred to incidentally, as they nat- 
urally would be during the discussions which took place relating to 
the various applications that I have made from time to time, bear- 
ing upon the general subject of telephonic transmission. (I in- 
clude in that latter phrase what is known as harmonic telegraphy.) 
And that on some of these occasions the model, including the box, 
was in the Examiner's room. 

Cross-Int. 31. Do you refer in your last answer to any discus- 
sions which took placé after the period between July, 1875, and 
July, 1877, mentioned in your twenty-seventh cross-answer ? 

Ans. I refer to conversations which took place before the date of 
the filing of the reissue application, May 7, 1878, and to the best 
of my recollection before July, 1877. 


Adjourned to 2.30 P. M. 


2.30 P. M. 


Cross-Int. 32. What are the “other cases, referred to in your 
eighteenth cross-answer ? 

Ans. By “other cases,” I referred to my patents, generally, 
and applications tending, relating to the transmission and reception 
of musical tones, whether composite or otherwise. 

Cross-Int. 33. In those discussions prior to July, 1877, did you 
refer to or discuss with the Examiner the peculiar functions or mode 
of operations of the resonator, or box of metal described in your 
patent 166,095, as distinguished from the rest of the apparatus? 

Ans. To the best of my recollection, I did. 

Cross-Int. 34. What application was under consideration be- 
tween you and the Examiner when you had such discussion with 
him ? 

Ans. As I recollect it now, this matter was discussed about the 
time of the issue of the patent No. 166,095, dated July 27, 1875, and 
of the patent No. 186,340, dated Jan. 16, 1877, and patent No. 175- 
971, dated April 11, 1876. These are the cases I call particularly 
to mind. 

‘Cross-Int. 35. In those discussions did you refer to any function 
or mode of operation or characteristic of such a box other than 
what is mentioned in the patent No. 166,095? 

A. Ido not know that all the functions of the resonant box 
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receiver we discussed are described in the patent. The point at 
issue was the bearing that this receiver had upon those shown in 
the above-named patents, numbered respectively 175,971 and 186,- 
340. In the two latter cases receivers are described or referred to, 
that were adapted to receive a tone or tones of a definite pitch, reject- 
ing all others, whereas the resonant box was used as a common re- 
ceiver for all tones. 

Cross-Int. 36. And was that characteristic or mode of operation 
of the receiving apparatus of patent 166,095 what you talked about 
in those discussions ? 

Ans. It was, so far as the discussions related to the above-men- 
tioned cases. 

Cross-Int. 37. Did you, before July, 1877, have any discussions 
with the Examiner on the subject of such a tin box, except such as 
related to the cases referred to in your thirty-fifth cross-answer ? 

Ans. They may have been ; but I do not now recollect. 

Cross-Int. 38. I notice that your patent No. 166,095 is entitled 
patent for an “Improvement in Electric Telegraphs for Transmit- 
ting Musical Tones,” and that the first and second questions in to- 
day's deposition refer to it as “your Magnet Receiver Patent.” 
When did you first hear it called Magnet Receiver Patent? 

Ans. I first heard it called magnet receiver in 1874, long before 
it was patented. 

Croas-Int. 39. My question was, when you first heard that pat- 
ent called your Magnet Receiver Patent.” Please answer when 
that was? 

Ans. To the best of my recollection, about the time it was issued 


first. 
Ann Gray. 
Attest: 


W. OC. Wrrrzr, 
Examiner. 


The five exhibits next following, marked 54d, 54e, 54/, 54g, and 
54h, are the only exhibits contained between pages 573 and 691 
of the printed record, Bell Telephone Company d ai. vs. Peter A. 
„ Dowd, not already inserted in the record in this cause under nun- 
bers 41 to 51 inclusive. 


J. A W., 
Special Examiner. 
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(No. Sad.) Defendants’ Exhibit, “Magnet Receiver 
Application.” 


J. A. W., Sp. Exr. 
(Introduced in Record, p. 12.] 


DEPARTMENT OF INTERIOR. 


Unmrrep States Patent OFFIce. 


To all Persons to Whom these Presents shull Come, Greeting: 


This is to certify that the annexed is a true copy from the files 
of this office of the file wrapper, contents and drawing in the matter 
of letters patent granted Elisha Gray. Dated July 27th, 1875. No. 
166,095. For apparatus for transmitting musical tones by elec- 
tricity. 

In testimony whereof, I, W. H. Doolittle, Acting Com- 
missioner of Patents, have caused the seal of the 
(SEAL. ] patent office to be hereunto affixed, this thirty-first 
day of March, in the year of our Lord one thou- 
sand eight hundred and seventy-seven, and of the 
Independence of the United States the one hun- 

dred and first. 


1. (ORIGINAL APPLICATION.) 


To the Commissioner of Patents: 


Your petitioner, Emna Gray, of Chicago, County of Cook, 
Illinois, prays that letters patent may be granted to him for the in- 
vention set forth im the annexed specification ; and he hereby ap- 
points Alexander L. Hayes, of Boston, Mass., as his attorney, with 
full power of substitution and revocation, to prosecute this applica- 
tion, to make alterations and amendments therein, to receive the 
patent, and to transact all business in the Patent Office connected 
therewith. 

Hm Gray. 


m 
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MAGNET RECEIVER APPLICATION. 
To Al Whom it may Concern: 


Be it known that I, Hmm Gray, of Chicago, in the County of 
Cook, State of Illinois, have invented a new and useful improve- 
ment in apparatus for transmitting musical tones by electricity, of 
which the following is a full, clear and exact description thereof, 
which will enable others skilled in the art to which the invention 
appertains to construct and use the same, reference being had to 
the drawings accompanying and forming part of this specifica- 
tion : 

In the drawings, Fig. 1, sheet 1, is a view showing the trans- 
mitting apparatus with its connections in plan, and the receiving 
apparatus in elevation, and Fig. 1, sheet 2, is a view showing the 
transmitting apparatus in perspective. 

This invention is based upon the observed fact well known to 
electricians, that when a coil of wire surronnding a bar of iron, or 

the core of an electro-magnet is traversed by an elec- 
2 tric current, the said bar will be slightly elongated, 

and if these currents succeed each other with sufficient 
rapidity, a vibratory motion will be given to said bar, and it will give 
forth a musical tune. 

On this principle, an apparatus known as the telephone has 
been devised, in which the succession of electrical impulses is caused 
by contacts made by a diaphragm which is thrown into vibration by 
musical tones produced by the human voice or otherwise in near 
proximity to said diaphragm, but the apparatus does not always 
operate with certainty, and is liable to become disarranged. 

My invention consists in using the secondary currents from an 
induction apparatus, or the secondary or extra current from a prim- 
ary coil for exciting the cuil surrounding the bar of iron, and in 
causing the succession of said impulses of the induced current by 
means of a circuit breaker which breaks the circuit with the desired 
rapidity. 

An apparatus which I use is constructed as follows, reference 
being had to the accompanying drawings: 

A is the frame or base of the apparatus at the transmitting end. 
B is an induction coil of the usual construction, having the usual 


primary and secondary circuits. C C, C are automatic vibrating elec- 
dro-tomes of the usual construction, which, when in action, produce 


musical tones by the vibration of their circuit-breaking springs. 
These springs are different in size and adjustment, so that they 


vibrate at different rates, and each electro-(to)me therefore affords 
a tone of a different pitch. 

A series of electrotomes may be provided, which will give tones 
extending through one or more octaves. D Di are telegraph keys 
of the usual constraction, which are placed in the primary circuit, 
the said primary circuit being so divided that a part of the circuit 
passes through each key and its corresponding electrotome. 

The keys are used for making connection with the battery. 

When a key is closed, the primary circuit will pass from the 
battery through one (of) the electrotomes C Ci, by the connection, 
and the circuit will be automatically broken and closed by the spring 
of the electrotome corresponding to the key depressed in the manner 
well known. 

The spring will therefore vibrate rapidly, and will produce an 
audible tone of a pitch determined by its rate of vibration, and at 

the same time a series of induced currents correspond- 
R ing in number to the number of audible vibrations in 


the tone produced will be induced in the secondary 


circuit of the induction coil B. 

The circuit may be of any desired length. At the receiving sta- 
tion in said circuit is placed an electro-magnet E, or a coil of wire 
surrounding a bar of tron. The succession of currents transmitted 
from the induction coil will cause the vibration of the core of the 
electro-magnet. or of the bar of iron as before explained, and it 
will give forth a musical tone of the same pitch as that produced 
by the vibrating circuit-closer. & is a hollow qr of metal which is 
placed upon the poles of the magnet, and intensifies the tone produced 

the 


same. 

It is obvious that by having a series of electrotomes whose vi- 
brating springs give tones of a different pitch, which are properly 
timed, that the electro-magnet can be made to give forth a suc- 
cession of tones constituting a melody, and by having a series of 
circuits and a series of circuit-closers and magnets, a musical com- 
position of a complicated character can be reproduced at a distance 
from where it is played, or the different parts of a musical compo- 
sition can be played in different places, and be heard in one place 
simultaneously. 

The induced currents being of high tension, can be transmitted 
through considerable resistance, and is much more effective for 
magnetizing the magnet than the primary current. 


ina 


The apparatus can be worked on long circuits with but slight 
battery power at the transmitting station. 

Instead of an automatic electrotome for breaking the circuit, 
of currents in the induction coil, ana instead of using a secondary 
coil, the extra or secondary current induced in a primary coil may 
be used. 

This apparatus may be used for various purposes. 

For telegraphing letters and signals may be represented by tones 

of different pitch, which will be readily recognized by 
1 an expert operator, and said signals can be made to 
alphabet may be transmitted by interruptions of the proper length 
in a prolonged tone of the same pitch. 

The apparatus can be used on long land lines or on submarine 
cables. 
SE Ole nee eke eee 
patent of the United States, iss 

Fnsr. The method substantially as described of producing 
musical tones by causing the vihration of a bar of iron by tranamit- 
ting a series of induced cuvrents through a coil surrounding said bar. 

Szconp. The combination of an apparatus producing induced 
secondary currents, with a series of electrotomes or other circuit- 
breakers, and an electro-magnet arranged in said secondary circuit, 
substantially as and for the purpose set forth. 

In testimony whereof, I have hereunto signed my name 
this twentieth day of June, A. D. 1874. : 
Hun Gray. 


Witnesses : 
Ewetxt A. Dion, 
Henry R. HK orr. 


Crry or WasHINGTON, 
District of Columbia’ ¢ 


Emm Gray, the above-named petitioner, being duly sworn, do- 


poses and says that he verily believes himself to be the original and 


first inventor of the improvements in apparatus for transmitting 
musical tones by electricity, described and claimed in the foregoing 
specification ; that he does not know and does not believe that the 
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same was ever before known or used ; and that he is a citizen of the 


United States. 
Hm Gray. 
Sworn to and subscribed before me 
this twentieth day of June, A. D. 
1874. 
Henny R. Ex1iort, 
1 U. S. Com. for the Dist. of Col. 


3. MOTION TO RE-OPEN. 


In re-applications of Elisha Gray, Appl's for Transmitting Musi- 
cal Tones by Telegraph referred with endorsements to the Hon. 
H. C. Townsenn, 
. Ass’t. Exr. in Chg. 


220 Kn Sraeer, 
Cuicaco. Jan. 9, 1875. 


The Honorable The Commissioner of Patents : 


Sm—tThe two applications filed by Elisha Gray, in June last, for 


letters patent for an improved method of transmitting musical tones 
by electricity, and which were ordered to issue July 12, require 
amendment before the patents are issued, but, for various reasons, 
Mr. Gray has not been able to make these amendments up to this 
time, though he intends to do so in a few days. 

I have therefore to request that the said applications be not for- 
feited by reason of the non-payment of the balance fees on January 
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12, six months from July 12, but that they be returned to the exam- 
iner for action upon the amendments, which I propose to present. 
Respectfally, 
Arex. L. Han, 
Attorney for Elisha Gray. 


Wasuineron, Jan. 12, 1875. 
The Hon. The Commissioner of Patents : 


Sm—lIn April and June last Elisha Gray, of Chicago, filed two 
applications — — method of transmitting mu- 
sical tones by electricity,” which applications, after due examina- 
tion, were passed for issue July 1], 1874; the balance fees on the 
same being due Jan. 11, 1875. 

After the allowance of these applications it was found that the 
amendments to the same were required, which for various reasons 
the inventor was unable to prepare up to January 9, at which date 
I intended to leave Chicago, so as to reach Washington on the 11th, 
and file the amendments before the forfeiture of the applications. 

I was unable to leave until the 10th inst., and, therefore, on the 
9th, addressed a letter to the Patent Office notifying of my inten- 
tion to amend, and requesting that the ications be returned to 
the examiner, and relying upon this letter reaching the Patent Office 
on the 11th in due course of mail. 

This letter was, however, not received until this morning, so that 
the applications were duly forfeited yesterday. 

I have now to request that this delay in the mails which was not 
the fault of the applicant, shall not cause the forfeiture of his appli- 
cations, but that his notification of his intention to amend be con- 
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sidered as if received on the 11th inst., and that the applications be 


Leaving out of consideration the question as to whether a mere 


modification of intention to amend would justify the examiner in 
withdrawing a case from the issue, in order to save it from forfeit- 
ure, it would seem that if the analogous case of Henry H. Blake 
(Commissioner 's Decisions for 1873, page 6), may be taken as a 
guide, the present applications must be held to be forfeited. The 
matter is, however, respectfully referred to the Commissioner. 

H. C. TownsEnn, 


4. COMMISSIONER'S DECISION. 
Recorded Vol. 15, p. 358. 


In the matter of the applications of Elisha Gray, filed respect- 
ively April 18th and June 27th, 1874, “ apparatus for transmitting 
sound.” 


Morton. . 

The two applications were ordered to issue July 10th, 1874. The 

six months’ limit within which the final fees should have been paid 
expired Janus xy 10th, 1875. 

Applicant moves January 12th, 1875, that the applications be 

returned to the examiner for amendment, and submits in support 


PY 


thereof a letter sent to the Commissioner, dated Chicago, January 
9, 1875, asking for this action. This letter was not received in the 
Office until January 12, and as already stated in the case of H. H. 
Blake, 3 Og., p. 2, the date of filing in the office of a paper must 
control action, and not the apparent date of the instrument. In 
this case it was impossible for the letter to reach the office, in or- 
dinary course of the mails, within the six months. 

The applications must be held to be forfeited, under Sec. 35, of 
the Patent Law. Under this section the Commissioner has no dis- 
cretion; the fee must be paid within the time, if no action is taken 
changing the status of the applications before the office. The rea- 
son for this is evident ; the rights of applicants are not finally de- 
termined by such forfeiture, but at any time within two years there- 
after the applications may be revived, simply by the payment of 
new fees. 

The motion is denied. 


Commissioner of Patents. 
January 18, 1875. 


RENEWAL OF APPLICATION. 


($15 H) 


To The Commissioner of Patents : 
Your petitioner represents that on June 27th, 1874, he filed an 
2K„% . 71 
tones by electricity, which application was allowed July IIth, 1874, 
but that he failed to make payment of the final fee within the time 
allowed by law. He now makes renewed application for letters pat- 
ent for said invention, and prays that the original specification, 
oath, drawings and model may be used as part of this application: 
HE Gray, 

By his ? 

Ar L. Haves. 


Washington, January 19, 1875. 


February 3, 1875. 
WasHINGTON, February 2, 1875. 


The Hon. The Commissioner of Patents: 


Sm—In the matter of the application of Elisha Gray for letters 
patent for an improvement in apparatus for transmitting musical 
tones by electricity, filed June 27th, 1874, I hereby amend by can- 


celing the specification except the signature—except the signature 
of the inventor, and substituting the enclosed. 


Be it known that I, Rum Gray, of Chicago, in the County of 
Cook, and State of Illinois, have invented a new and useful appa- 
ratus for transmitting musical vibrations by electricity, of which the 
following is a full, clear and exact description, reference being had 
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to the drawings accompanying and forming part of this specifica- 
tion : 

This invention is based upon the observed fact in electrical 
science, that when an electric current is made to circulate in a coil 
of wire susrounding @ bar of iron, as, for instance, the core of an 
electro-magnet, said bar on becoming a magnet will be slightly 

elongated by molecular action, and consequently if the 
ee = currents succeed each other rapidly, the said bar or 

core will be made to vibrate, and if the rate of vibra- 
tion exceeds a certain number of times per second, it will give out 
a musical tone. 

Upon this principle, an apparatus known as the “telephone” 
has been devised, and is described in Treatise on Electricity, in 

which a diaphragm, by being thrown into vibration by 

22 the production of a musical tone near the same, is 

made to break and close an electric circuit as many 
times per second as there are vibrations per second in the tone 
produced, which interruptions produce a musical tone of corres- 
ponding pitch in a (n) iron bar surrounded by coil of wire, at any 
distance from the diaphragm, on the principle above 

The apparatus is, however, of delicate construction, and does not 
always act with certainty. 

My apparatus is an improved telephone, in which I make use of 

induced secondary currents from either a primary or secondary coil, 
for effecting the vibrating bar or core of the vibrating electro-mag- 
net, and cause the necessary succession of said currents by interrup- 
tions in a primary circuit made by an automatic mechanical circuit- 
closer. : 
In the drawings accompanying this specification, Fig. 1, sheet 1, 
is a view showing the transmitting apparatus and its connections in 
plan, and the receiving apparatus in elevation, and Fig. 1, sheet 2, 
is a view showing the transmitting apparatus in perspective. 

The apparatus is constructed as follows: 

A is the frame or base of the apparatus at the transmitting ste- 
tion. B is an induction coil of the usual construction, having the 
usual primary and secondary circuits. C C are automatic vibrating 
electrotomes of the usual construction in which the vibrating circuit 
closing springs are so adjusted, that when in action they produce 
musical tones, which, from the difference in adjustment, and in the 
length and thickness of the springs are of different pitch. The 


number of these electrotomes may be increased so that tones 


extending through two or more octaves may be produced. 
D D are telegraph keys of the usual form, which are placed in 
the said primary circuit, and the primary circuit is 80 
A disided that a part of the circuit passes through each 
key and its corresponding electrotome. 

These keys make and break the battery connection. 

The operation is as follows : 

Sg en en rete yer 

battery through one of the electrotomes C or Ci, and 
2 its connections corresponding to the key depressed, and 
the primary circuit will be automatically interrupted in 
usual manner. 

The spring will therefore be thrown into rapid vibration as long 
as the circuit is closed at the key, and an audible tone of a pitch 
determined by the rate of vibration of the spring will be produced, 
while at the same time a series of induced currents corresponding 
in number to the number of audible vibrations in the tone will be 
induced in the secondary circuit of the induction coil B. 

This circuit may be extended to any distance from the trans- 
mitting station. At the receiving station in said circuit is placed an 
electro-magnet E, ora coil of wire surrounding a bar of tron, and 
said bar or electro-magnet will vibrate as many times per second as 
there are interruptions in the current, and consequently will give 
forth a musical tone of the same pitch as that given by the circuit- 
closing spring as before explained. 

S is a hollow cylinder of metal, which is placed on the poles 
of the magnet, and intensifies the sound produced by the same. 

It is obvious that if a series of electrotomes is provided, con- 
nected as before stated, each of whose springs gives tones of differ- 
ent pitch, that the electro-magnet can be made to give forth corres- 
ponding tones by depressing the key and closing the circuit through 
the electrotome which gives any particular note, and this way the 
melody which can be produced by means of the electrotomes at the 
transmitting station can be reproduced on the electro-magnet at 
the receiving station. 

By having a series of electrotomes or circuit-breakers with their 
corresponding induction apparatus and a series of receiving magnets 
connected in independent circuits, a musical composition containing 

chords can be transmitted, or the different parts of a 
=a. composition, played simultaneously at different places 
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can be reproduced at one place or by means of switches, the same or 
different parts of a composition can be played at different places at 
a distance from each other in turn. 

Many other remarkable effects may be 

The advantage of using induced currents is, that they can be 

transmitted through considerable resistance owing to 

drr high tension, and also, that they are more e- 

tive for magnetizing the electro-magnet, thereby en- 
abling the apparatus to be operated with but small battery power. 

Mechanical circuit-closers may be used for making the necessary 
interruptions in the primary circuit of the induction apparatus, and 
instead of .using the secondary current of the secondary coil, the 
secondary or extra current of a primary coil may be used. 

The apparatus can be used for telegraphing on long land or sub- 
marine lines. 

When used for telegraphing, letters and signals can be repre- 
sented by tones differing in pitch, or Morse signals can be made by 
short and long interruptions in a prolonged tone of the same 
pitch. 


What I claim as my invention, and desire to secure by letters 
patent, is : 
Fimst. The method, substantially as described, of producing 
musical tones by the vibration of a bar of iron surrounded by a coil 
of wire or an electro-magnet, by transmitting a series of 
sei ~=—s induced currents corresponding in number per second 
to the number of audible vibrations per second in the 
tone produced through said coil or electro-magnet. 
Szconp. The combination of an apparatus producing induced 
f secondary currents with a series of electrotomes or 
2 other circuit breakers, and an electro-magnet or series 
of electro-magnets arranged in said secondary circuit, 
substantially as and for the purpose set forth. 


6. ASSOCIATE TO HILL & ELLSWORTH, 


Wasnmoron, D. C., March 16, 1875. 
To The Commissioner of Patents : 

Sm—TI hereby authorize Hill & Ellsworth to examine any papers, 
&c., filed with the applications of Elisha Gray for telephone. 


Arex. L. Hayes, 
Attorney for E. Gray. 


Boston, Mass. 

Apparatus for transmitting musical tones by electricity, fil 
June 27th, 1874, renewed January 19th, 1875. 

Applicant’s attention is called to the words or series of electro- 
magnets” in second claim. These are substantially new matter not 
in claims originally allowed, and not based on anything in the speci- 
fication. In fact, the main difference between this and applicant's 
later case, is, that in this one main circuit and one receiver respond- 


ee 


ing to all notes is used, in the latter one, in one main circuit several 
receivers, each responding to one note only are used. The words 
quoted obliterate this distinction. With these words in the claim it 
is rejected. 

Applicant's attention is called to the concerning me- 
chanical circuit-breakers, on p. 7 of specification, and to the remarks 
on the subject in letter of this date in first case. Another app't 
shows, describes and claims what is therein suggested. 

Z. WiBour, 
Examiner. 


POWER OF ATTORNEY. 
Am Gray, Transmirrina Musica Tongs sy ELgcrrictry. 
Filed June 27, 1874. 


(Form No. 6. Power of Attorney.) 
In the United States Patent Office. 


Case 2. 


In the matter of the application of Elisha Gray, of Chicago, Illinois, 
for Letters Patent of the United States, for apparatus for 


transmitting musical tones by electricity, filed June 27, 1874. 


| Wasuineron, June 11, 1875. 
To the Commissioner of Patents : 
liam D. Baldwin, of Washington City, in the District of Columbia, 
his attorney with full power and authority of substitution and rev- 
ocation to prosecute said application, to make alterations and 
amendments therein, to receive the patent, and to transact all busi- 
ness connected therewith in the Patent Office; and hereby revokes 
any and all powers of attorney heretofore given. 

rah Hin Garay. 
I concur in the above. 
Assignees sign : 

Samus, S. Wars. 


In the United States Patent Office. 


In the matter of the application of Elisha Gray, for letters patent 
| for apparatus for transmitting musical tones by electricity, 
filed June 27th, 1874. 


Wasumerton, D. C., June 22, 1875. 
To the Commissioner of Patents : 
Sm—In view of official suggestions, an amended specification is 


filed claiming the multiple ¢ itter, the hanical circuit 
breaker, and the organ pipe circuit interrupter. 
yours, 
Anm Gray, 
By his Attorney, 
Wu D. Batpwi. 
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In the United States Patent Office. 


In the matter of the application of Elisha Gray, for letters patent 


Sm—Amend the above-mentioned application as follows: Sub- 
stitute for the specification heretofore filed the following : 


To all whom it may concern : 


se Be it known that I, Rn Gray, of Chicago, in the 
County of Cook, and State of Illinois, have invented 
4 certain new and usefulapparatus for transmitting musical impres- 
sions or sounds , of which I hereby declare the fol- 
lowing to be a fall, clear and exact 
My invention relates to what I term an “ electro-harmonic” tele- 
graph, and is based upon the fact well known to electricians, that 
an electro-magnet elongates under the action of the electric current, 
and contracts again when the current ceases, consequently a succes- 
sion of impulses or interruptions will cause the magnet to vibrate ; 
and if these vibrations be of sufficient frequency, a musical tone will 
be produced, the pitch of which will depend upon the rapidity of 
the vibrations. 
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I have discovered that by interrupting an electric current at the 
transmitting end of a line with sufficient frequency to produce a mu- 
sical tone by an instrument vibrated by said interruptions, and 
transmitting the impulses thus induced to an electro-magnet at the 
receiving end of the line, the latter will vibrate synchronously with 
the transmitting instrument, and thus produce a musical tone or 
note of a corresponding pitch. 

The object of my invention is to utilize this dis- 
covery for the transmissions of intelligible signals to a 
distance by electricity; to which end my improvement consists in 

the combination of a telegraphic circuit, an automatic 

“sus” circuit-breaker capable of producing a musical tone; and 
an electro-magnet receiver, which reproduces the tone by 

Ene perame: being thrown into vibration by impulses generated by 
n the circuit-breaker. My improvement further consists of 
the combination of a telegraphic circuit ; a series of cireuit-breakers 
capable of producing musical notes of different pitch, a series of 
keys for simultaneously or successively throwing said circuit-break- 
ers into or out of operation, and an electro-magnet receiver, which 
is thrown into operation by the transmitter, whereby tones of differ- 

ent pitch may be reproduced at the receiving end of the line by the 
use of a single circuit. | 

In the accompanying drawings, figure 1 shows a plan view of the 
transmitting part of my improved apparatus, the receiver appearing 
in perspective. Fig. 2 is a view in perspective of the transmitter. 

The transmitting apparatus is mounted upon a base board A, as 
usual. The induction coil B has the usual primary and secondary 
circuits. An ordinary automatic electrotome C has a circuit-clos- 
ing spring c so adjusted as when in action to produce a musical 
tone, according to its length, thickness and adjustment. A common 
telegraph key D is placed in the primary circuit to make or break 
the battery connection. 

In the drawings I have shown two electrotomes of identical con- 
struction, but of different pitch, and two keys; both the keys and 
the electrotomes being placed in the primary circuit, which is so . 
divided that part of the circuit passes through each key and its cor- 
responding electrotome. The number of electrotomes may be in- 
creased so that tones extending through two or more octaves may 
be produced. An ordinary electro-magnet is provided at the receiv- 
ing end of the line. 
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The operation of the aparatus is as follows: 

In the arrangement shown in the drawings, when a key is closed, 
the primary circuit will pass from the battery H, through that key 
and its corresponding electrotome, and will be automatically inter- 

rupted in the usual manner. The spring of the elec- 
‘Sue “™ trotome will thus be caused to vibrate rapidly and to 

produce a tone, the pitch of which is determined by 
the rate of vibration. It is obvious that several keys may be de- 
pressed simultaneously. These vibrations or interruptions of the 
current will simultaneously produce, in the secondary circuit of the 
induction coil, a series of induced currents or impulses correspond- 
ing in number with the vibrations of the electrotome ; and, as the 
receiving electro-magnet is connected with this circuit, it will be 
caused to vibrate, thus producing a tone of corresponding pitch, 
the sound of which may be intensified by the use of a hollow cylin- 
der 8, of metal, placed on the poles of the magnet. 5 

When a single electrotome is thrown into action, its correspond 
ing tone will be reproduced on the sounder by the magnet. When 
electrotomes of different pitch are successively operated, their tones 
will be correspondingly reproduced by the receiver; and when two 
or more electrotomes are simultaneously sounded, the tone of each 
will still be reproduced without confusion on the sounder, by which 
means I am enabled to reproduce melodies or tunes. 

Mechanical circuit-breakers might be substituted for the auto- 


‘matic vibrating electrotome hereinbefore described, and I have in 


fact used such mechanical circuit-breakers, of various construction, 
but I found the electrotome more satisfactory, in practice. 

In this instance the receiver is shown and described as 
by the induced current of the secondary coil; but the secondary 
or extra current of a primary coil may be used instead thereof with 
good effect. 

My apparatus is especially adapted to telegraphing on long land 
and submarine lines. By it, letters and signals can be represented 
by tones, differing in pitch, or the ordinary Morse signals can be 
made by short and long interruptions in a prolonged tone of the 
same pitch, thus securing great raipdity of transmission. 

An application for letters patent of the United States, filed by 
me April 18, 1874, shows an apparatus somewhat similar to the one 

herein described for transmitting musical tones through 
“amet. July animal tissue to a resonant electrical receiver; I do 
not therefore claim herein anything therein shown.* 


reduces the tone by vibrations caused by impulses gen- 
erated by the circuit-breaker, substantially as de- 

scribed. 

(I also claimt) the combination of a telegraphic circuit, a series 

of circuit-breakers capable of producing musical tones 

1 of different pitch, a series of keys for simultaneously 
or successively throwing said circuit-breakers into or 

out of operation, and an electro-magnet receiver, which is thrown 
into operation by the transmitters; whereby tones of 

2 say different pitch may (simultaneously or successively}) 
bo reproduced at the receiving end of the line by the 

employment of a single circuit. 

Witnesses : 


E C. Davison. 
WI. J. Perron. 


An Gray. 


District oF CoLUMBIA, 88.: 


Hmm Gray, whose application for letters patent for apparatus 
for transmitting musical tones by electricity was filed in the United 
States Patent Office, on or about the 27th day of June, 1874, being 
duly sworn, deposes and says that in addition to the claims origin- 
ally made, he verily believes himself to be the original and first in- 
ventor of the improvement as described and claimed in the forego- 
ing amendment, and that he does not know, and does not believe 
that the same was ever before known or used. 

Ein Gray. 


* 


January 19, 1875. 

The first claim in this case covers matter interfering with other 
applications on file. 

The second is thought to be clear of interference covering the 
combination with several transmitters of one receiver. The distinc- 
tion would be clearer, were the words “ one electro-magnet receiver 
thrown into operation by the impulses sent from any of the trans- 
mitters ” substituted for “an electro-magnet receiver, &c. In the 
latter part of second claim occur the words “simultaneously or 
successively,” it is not seen how applicant's single receiver repro- 
duces “simultaneously ” several notes or tones. 

Upon the subject of a disclaimer, reference is made to letter in 

+ other (original case) of even date herewith. 


Z. WILBER, 
Examiner. 


DEFENDANTS EXHIBITS. 
10. AMENDMENTS C. D. 
July 20, 1875. 
United States Patent Offce. 


In the matter of the application of Elisha Gray, for letters patent 
for transmitting musical tones by electricity, filed Jan. 19, ~ 
1875. Originally filed June 27th, 1874. 


(Case 2.) 


Wasuincton, D. C., July 20, 1875. 
To the Commissioner of Patents : 


Sm—Amend the specification of the above-mentioned application 
as follows: 

After page 5, insert the following disclaimer: 

Neither do I claim herein the combination with a main line 

of an intermittent circuit-breaker or a series thereof, 
eee ~=each adapted to throw upon the line a definite number 
of electrical impulses per unit of time, and a key or 
H keys, one for and controlling each such circuit-breaker, 
Pei as it constitutes the subject matter of another applica- 

cation filed by me, February 23, 1875.”* 
Claim 2, lines 9 and 10 erased (“simultaneously or 

ane gsuccessively ). 

The above amendments are submitted in view of the official let- 
ter of July 7, 1875. The first claim, it will be observed, is for the 
improved apparatus set forth, and embodies one electro-magnet re- 
ceiver only, there being no other shown or described. 

A re-examination is therefore requested to determine whether, 
in view of this fact, applicant is not entitled to the claim without an 
interference. 


cet ga al A ian ea gy * „ 


By his Attorney, 
Wx. D. Batpwis. 


July 24, 1875. 
In the United States Patent Office. 


In the matter of Application of Elisha Gray, for letters patent for 
transmitting musical tones by electricity, filed Jan. 19th, 
1875. Originally filed June 27th, 1874. 


(Case 2.) 


Wasuineton, D. 35 July 24, 1875. 
To the Commissioner of Patents : 


Amend the specification of the above-mentioned application as 
follows : 
"amet E July (Page 2, cancel lines 17 to 23, both inclusive.)* 

Insert immediately before the claim and after the disclaimer of 
July 20th, 1875, the following: 

„The combination of a telegraphic circuit, an automatic circuit- 
— capable of produeing a musical tone and an eleetro- magnet 

Amat ¥. receiver, which reproduces the tone by being thrown 

into vibration by impulses generated by the circuit breaker, is not 
broadly claimed herein, as thiscombmation constitutes a part of the 
subject matter of said application also.” 
tamiet @, Page 6 (cancel the first clause of claim).t 
tamge H. July Page 6, line 11, erase (“I also claim”).} 


Memorandum of fee paid at U. S. Patent Office. 


Inventor, E. Gray. 
Patent to be issued to 
Invention, 
Transmitting Musical Tones by Electricity (Case 2). 


July 24th, 75. 
Second fee, 
$20. 
Solicitor, 
Wm. D. Baldwin. 
1874. 
Renewal (50). 
——. c 
No. 166,095. 
Div. 16. 
Elishs Gray. 
Of Chicago. 
County of Cook. 
State of Illinois. 
Rec'd June 27th, 1874. 
Rec'd January 19, 1875. 
Petition, June 27, 1874. 


Petition, January 19, 1875. 


Affidavit, June 27, 1874. 
Specification, June 27, 1874. 
Drawing 2 sheets, June 27, 1874. 
Model in applicant's pending case. 
Cert. dep. 

1 Cash, $15, June 27, 1874. 

Cash, $15, January 19, 1875. 

Add’ Fee Cert. 

1 Addi Fee Cert., Cash, $20, July 24, 1875. 
Examined, July 10, 1874, Wilbur. 
Examined, July 24th, 1875, Wilbur. 
2 Issue, July 24th, 1875, Knight. 

4 Patented, July 27, 1875. 
Recorded, Vol. » page 

Circular, July 11, 1874. 


1874. 


1 Application, 1 paper. 

2 Passed July 10th, 74. 

3. Motion to reopen, January 12th, 75. 

4. Commissioners Decision, January 18th, °75. 
5. Amendment A and letter, February 3d, 75. 


A izing H. & E. 
a uthorizing 6th, 1875. 
Asso. Att’y. 


7. Rejection, March 29th, 1875. 

8. Amendment B and Letter, June 22d, 75. 
9. Letter, July 7th, 1875. 

10. Amendments C, D, July 20th, 75. 

1l. Briefed, July 24th, 1875. 

12. 


13. 
14. 
15. 
16. 
17. 


19. 
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“GRAYS PRINTER PATENT.” 371 


(He. S40.) Defendants’ Exhibit, “Gray's Printer 
Patent.” J. A. W., Sp. Examiner. * 


[Introduced in Record, p. 12! 


ELISHA GRAY, OF CHICAGO, ILLINOIS, ASSIGNOR, BY MESNE ASSIGN- 
MENTS, TO THE HARMONIC TELEGRAPH COMPANY, OF NEW 
TORK CITY. 


InpRoVEMENT m Execrno-Hakwonic Pamrine TELEGRAPHS. 


Specification forming part of Letters Patent No. 179,549, dated July 
4, 1876 ; ee 


To all whom it may concern 


Be it known that I, Humm Gray, of Chicago, in the County of 
Cook, and State of Illinois, have invented a new and useful art of 
Electro-Harmonic Telegraph Printing and an Improved Electro- 
Harmonic Telegraph Printing Apparatus, of which the following is 
2 : 

My present invention is based upon a system of electro-har- 
monic telegraphy, described in sundry letters patent of the United 
States granted to me within the past year, and in various applica- 
tions for letters patent of the United States made by me and now 


The objects of invention are, first, to adapt my electro-harmonic 
system of telegraphy to the printing of a message by means of in- 
dependently movable type, and by means of mechanism thrown 
into action by the depression of a key at the transmitting station, 
without necessitating the employment of isochronously moving type 
wheels, or of waiting for mechanism to register accurately before 
printing ; second, to print a message on the letter sheet, type-writer 
fashion, by the direct operation of keys at the transmitting station 
controlling local batteries actuating the printing mechanism ; 
third, to transmit a series of tones of different pitch through an elec- 
tric circuit, each tone independently actuating a local battery, to 
print a letter, sign or character corresponding with that of the par- 
ticular key controlling the tone; fourth, to determine in advance, 
through the action of a local battery, which one of the series of let- 
ters, numbers or characters actuated by a common motor shall be 
printed ; fifth, to determine in advance the point on the letter sheet 
at which the printing of the message shall begin; sixth, to move a 
particular type to the point at which the printing is done, and there 


to make its impression upon the paper by means of mechanism 
thrown into action by the movement of the type itself; seventh, to 
feed the paper upon which the message is printed by mechanism 
thrown into operation by the printing of the preceding letter ; 
eighth, to determine in advance what particular letter of a series 
shall be printed, to actuate the printing mechanism by the move- 
ment of the particular type selected, and to actuate the feeding 
mechanism by the type thus selected ; and, ninth, to control the 
printing mechanism by means of a compound magnet, constituting 
in fact a single one. 

These objects I attain by certain novel apparatus hereinafter set 
forth, the novel construction and combinations of which apparatus 
form a portion of the subject matter of my invention, which is here- 
inafter specifically designated. 

The accompanying drawings represent an apparatus embodying 
all my improvements in the best way now known to me. Obviously, 
however, the details of construction of the apparatus may be greatly 
varied in various ways without departing from the principle of my 
invention ; and some of my improvements may be used without the 
others, and in apparatus differing in construction from that herein 
shown. 

My improved apparatus consists of two main portions—a trans- 
mitter and a receiver. 

Figure 1 represents a plan or top view of the transmitter, with 
portions of the casing removed to show the internal construction 
more clearly. Fig. 2 represents a vertical longitudinal section 
through the transmitter, on the line 1 1 of Fig. 1. Fig. 3 is a bot- 
tom plan view of the transmitter, showing the method of running 
the circuits. Fig. 4 is a back view of one set of transmitting reeds. 
Fig. 5 is a diagram showing the method of running the main and 
local circuits through a single transmitting key and vibrating reed 
of aseries. Fig. 6 is a plan or top view of the receiving apparatus, 
on the line 2 2 of Fig. 10. Fig. 7 is a bottom plan view of the top 
plate of the receiver. Fig. 8 is a vertical longitudinal section there- 
through, on the line 4 4 of Fig. 7. Fig. 9 is a transverse section on 
the line 5 5 of Fig. 8. Fig. 10 is a vertical longitudinal section on 
the line 3 3 of Fig. 6. Fig. 11 is a top view of the apparatus for 
carrying the paper, and Fig. 11*is a vertical transverse section there- 
through on the line 6 6 of Fig. 11. Fig. 12 is a detailed view of a 
portion of the local circuit-breaking mechanism which releases the 
paper-carrying mechanism. Fig. 13 is a similar view of another 
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portion of the same apparatus. Fig. 14 is a detailed view of the 
paper-feeding apparatus for spacing the lines of the message. Fig. 
15 is a bottom plan view of the parts shown in Fig. 6, showing the 
mode of running the circuits. Fig. 16 is a detailed view showing 
the method of running the circuits of the printing and paper-feed- 
ing mechanism. Fig. 17 is a skeleton diagram of the receiving and 
transmitiing mechanisms, showing the method of connecting the 
circuits. Fig. 18 is an end view, and Fig. 19 a side view, of the 
compound analyzing receiver. Figs. 20 and 21 are detailed views 
of the shunting pins of the analyzing spring, and Fig. 22 shows a 
plan view of a star wheel for actuating the type-shifting levers de- 
tached. 

The transmitting apparatus shown in the accompanying draw- 
ings is substantially similar, in its general construction, to that 
shown in Letters Patent of the United States granted to me Febru- 
ary 16, 1876, as No. 173,618, with the exception hereinafter stated. 

In this instance the apparatus is designed for printing twenty- 
seven characters, and for operating a tripping apparatus whereby 
the printing mechanism at the receiving end of the line may be au- 
tomatically restored to its normal position during any portion of its 
operation of printing a line. 

In order to avoid the complication of using twenty-eight different 
keys and their corresponding transmitting reeds, I have devised 
means whereby the whole twenty-eight characters may be trans- 
mitted by the employment of nine primary keys, three shifting keys, 
and a trip key,” thus reducing the number of keys employed more 
than one half. 

The primary keys are each marked with three letters, numbers or 
characters, and together with the trip-key and shifting keys are ar- 
ranged organ-fashion, as shown in Fig. 1, on a suitable base-board 
or frame A, upon which the transmitting-reeds are mounted, in the 
manner shown in the drawings. 

In order to secure convenience of construction, and a compact 
arrangement, the series of transmitting reeds are arranged in two 
sets B B’, of similar construction mounted upon the base-board of 
the frame, as shown. 

The broken lines in Fig. 1 represent the connection of the keys 
with the transmitters. Fig. 3 shows a view of the connections as 
arranged beneath the base-board directly under the transmitters. 
Fig. 5 shows a method in which the main and local batteries are 
connected with a single key and vibrating reed of the circuit. Each 
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one is a duplicate of the other, and their circuit connections are 
substantially similar to those shown and described in my patent of 
February 16, 1876, above mentioned ; and as they, moreover, will 
be readily understood from the figure, a detail description of the 
construction and operation of these parts is deemed unnecessary. 

In the operation of this apparatus the circuit is normally open, 
but the depression of any key connects the main battery to line 
through its corresponding transmitter. Each of the thirteen keys 
above mentioned has its own independent analyzer at the receiving 
end of the line. 

In the present arrangement the organization is such that there are 
twenty-seven printing type at the receiving end of the line, corre- 
sponding with the lettered keys, as will hereinafter be more fully 


These type are arranged in sets of three, one of each set being 
operated by each lettered key. Which one of these three letters 
shall be printed is determined by depressing one of the shifting keys 
1, 2, 3, which operate the type-shifting mechanism of the receiver 
in such manner that, in the present instance, when the key 1 is de- 
pressed, the depression of the lettered keys will print the letters on 
the row included between the letters E and N in Fig.1. Whenkey 
2 is depressed the middle row of letters only will be printed at the 
receiving end of the line; and when key 3 is depressed, the type 
corresponding with the outer row only will be acted upon. When 
the key marked “trip” is depressed, it operates torestore the paper- 
carrying mechanism to its normal position or starting point, as will 
be hereinafter more fully explained. 

In the organization shown in the drawings the keys 1, 2, 3, are 
operated independently of the lettered keys or trip-key; but when 
either of said numbered keys is depressed, it makes no difference 
where the lettered keys are touched, as they can only print the let- 
ter of the row corresponding with the numbered key depressed. 

As a modification of this device I contemplate so constructing 
and combining the keys that each letter shall be mounted on an in- 
dependent movable section, attached to the key by a movable ‘con- 
nection, in such manner that when a particular letter is depressed 
it shall operate the correspondingly numbered key, and thus cause 
it to shift the proper type without the necessity of touching both 
the lettered and the trip-key, as is necessary under the organization 
shown in the drawings. 

This result can readily be attained in two ways: first, by means 
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of a contact point on the key which shall close the circuit or tone 
of the properly numbered key, thus actuating the type-shifter at the 
receiving end of the line before the lettered key closes its own cir- 
cuit to actuate the type. This result may also be attained by com- 
bining levers or other suitable devices connecting each key with the 
contact point of the numbered key, although I prefer the first men- 
tioned plan, as being less complicated. 

The manner in which the transmitters and receivers are con- 
nected will readily be understood by inspection of Fig. 17, in which 
1, 2 and 3 represent the numbered keys and N W a lettered key, 
should be stated, however, that the local battery of the transmitter 
is omitted in this figure to avoid complication, but it is shown in 
Fig. 5. The depression of either key closes both the main and local 
circuits of the transmitter, and sends to line vibrations or impulses 
of the electrotome or vibrating reed corresponding with the key. 
These vibrations pass through the magnet C Ci, of the analyzing re- 
ceiver, and are reproduced on the corresponding vibrating tuned 
bar or reed 1, 2,3, or N. W. Each bar is provided with a circuit- 
breaking lever B, vibrating more slowly than the bar, as described 
in Letters Patent No. 166,094, granted to me July 27, 1875. These 
circuit-breaking levers control a local battery, L B No. 1, which re- 
mains normally closed and in short circulited through the vibrating 
bars or analyzing springs and levers above mentioned. Each analy- 
zing spring is provided with a loop passing through a corresponding 


local magnet, 1, 10, 11, or 12, the terminals of which loop connect, 


respectively, to the analyzing spring and with its circuit-breaking 
lever, so that when the circuit-breaking lever is out of contact with 
its vibrating bar, the shunt or short circuit is taken off from its cor- 
responding magnet, and the current flows through the magnet; but 
when the vibrating bar and circuit-breaking lever are in contrct, the 
shunt comes into play and no current passes through the magnet. 

The circuit-breaking devices, as above remarked, are shown in 
my patent of July 27, 1875; but the method of running the circuits 
and actuating the magnets herein shown is new. 

Four vibrating bars only are shown on Fig. 17 to avoid compli- 
cation, but will, of course, be understood that the bars will corre- 
spond in number with their transmitting keys—that is to say, in the 
present instance, there would be thirteen in number, each bar hav- 
ing its own loop and local magnet. In this instance nine magnets 
are employed for actuating the type—three for the shifting mechan- 
ism, and one for the tripping mechanism. 


376 DEFENDANTS EXHIBITS. 

In Fig. 6 the relative arrangements of the nine type actuating 
magnets 1 to 9, and the shifting magnets, 10, 11 and 12 are clearly 
shown. 

Having thus indicated in a general way the method of running 
the circuits, I will now proceed to describe the details of the receiv- 
ing apparatus. 

I will first describe the compound magnet C Ci, by which the 
vibrating bars are actuated. 

In another application for letters patent of the United States 
filed by me simultaneously herewith, I have shown a different 
method of mounting a series of vibrating bars or analyzing receivers, 
each tuned to a different pitch upon a common magnet, so that 
each will analyze its own tone from a series simultaneously trans- 
mitted through the single magnet. I do not, therefore, broadly 
claim in this application this device, except in combination with 
other mechanism not shown in the application above mentioned. 
In this instance the magnets C Ci are mounted upon bars C* C 
connecting, their respective poles and mounted in a frame D (see 
Figs. 18 and 19), which also show a method of mounting the vibrat- 

It should be observed that the bar marked 14 in Fig. 18 is in- 
operative in the organization hereinbefore described, having no 

ing transmitter. The bars are connected with the frame 
by means of insulated pins D Di (shown in Figs. 20 and 21), one 
set of pins being made adjustable, as shown in Figs. 18 and 19, by 
set screws, or otherwise, and admit of the proper tuning of the bars 
to correspond with their transmitters. 

I will now proceed to describe the organization I have effected 
for actuating the type-shifting and type-actuating mechanism, so as 
to cause one lever to actuate either one of three type. 

Fig. 7 represents a plan view of the type bed showing a series 
of guideways or grooves radiating from a common centre, in each 
of which a type slides freely endwise. In the present instance the 
organization is such that each type successively moves to acommon 
centre and is struck up against a platen to make an impression on 
the paper carried thereby, and is then retracted out of the way of 
the succeeding one, all these operations being performed automati- 
cally. In this instance the type is shown as made in the form of a 
bent lever, with the letter put on the end of the short arm of the 
lever, as moving forward radially to their working position, and 
then, being struck laterally to make their impression, retracting in 
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the same way as they advance. The type are actuated by a vibrat- 
ing shifter lever, which I will now describe. 

The details of the shifting mechanism are shown in Figs. 6, 7, 8, 
9, 10, 17 and 22. In this instance the twenty-seven type shown in 
figure 7 are arranged in sets of three, corresponding with the re- 
spective transmitting keys. 

The operation of the type-shifting and printing mechanism will 
readily be understood by reference to Fig. 17 which shows the three 
type-shifting keys 1, 2, 3, and a letter key, N W. If it is desired to 
print the letter N the key 1 is first depressed, thus sending vibra- 
tions to line synchronizing with the fundamental of the reed 3a. 
This takes off the shunt from the corresponding loop at the point 
where the vibrating lever h comes in contact with the bar, and allows 
the current of the local battery to pass through the magnet 10 of 
the series of shifting magnets 10,11 and 12. A lever, E, on the 
armature of this magnet is thus attracted toward it and vibrates a 
shifter frame, E, upon a vertical rock shaft 7, carrying a star wheel 
F, having nine arms radially slotted to correspond with each set of 
the type actuating magnets 1 to 9 inclusive. On the armature of 
each of these magnets is mounted a rod L, movable radially, and 
endwise in the frame M, and carrying upon it a rocking shifter bar 
projecting both above and below it. The lower end of this bar 
slides in the corresponding slot in the star wheel above mentioned, 
while its upper end moves in a path coincident with one or the 
other of the type-slides in which it is adapted to work, as shown in 
Fig. 9. 

Now when the armature lever E is attracted, as above explained, 
the rocking of the shifting frame E’ causes a partial rotation of the 
star wheel, which correspondingly shifts the position of the whole 
series of shifter bars. In this instance the bar described would be 
shifted to the position shown in dotted lines, Fig. 9, marked with 
the letter N, which would correspond with the position of that 
letter in Fig. 7 and each shifter bar would occupy the same relation 
to the letters included between E and N of Fig. 1. Were the shifter 
bar vertical or on the letter W, each shifter bar would occupy a 
corresponding relation to the middle row of letters in Fig. 1, and so 
in regard to the outer row. This movement takes place before the 
type actuating mechanism begins to operate, and consequently this 
movement is exerted upon the type or series of types previously de- 
termined by the shifting mechanism. 

The armature H of the magnet 1 is connected with and actu- 
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ates the slide bar above mentioned, which carries the shifter bar. 
In this instance as soon as the shifting bar is shifted in line with 
the type the armature H is attracted by the magnet 1 which forces 
the sliding rod L and shifter forward against the type, thus driving 
it forward in its groove to the central point of the machine where 
the impression is made. At this moment a contact point i, on the 
armature H, strikes a point which closes the circuit of the inde- 
pendent local battery and actuates a series of electro-magnets, 15, 
14 and 13, the two latter operating on one armature. The attrac- 
tion of the armature 1 by the magnet 15 throws up a printing lever 
I’ which strikes the type up against the paper carried on a platen 
J, and makes the impression at the same time the magnets 13 and 
14 draw down their armature K, Fig. 10. Which retracts the pawl 
E operating on a spur-pinion L, gearing into a feeding rack J, con- 
nected with the paper-carrying mechanism. As soon as the key is re- 
leased at the transmitting station the circuit is shunted, thus releas- 
ing the type actuating armature of the magnet figure 1, and breaking 
the circuit of the printing and paper-feeding magnets 13, 14 and 15, 
which allows the type to drop and be retracted by its spring M’ to 
its normal position. A spring F, then retracts the armature K of 
the magnets 13 and 14, forcing the pawl forward and actuating the 
feed bar and moving the paper-carrying mechanism forward a dis- 
tance sufficient-to afford space for the next letter, in a manner simi- 
lar to an ordinary writer. This process is repeated with each 
successive letter. 

When the paper carrying mechanism has been fed along a dis- 
tance equal to the length of the line which the machine is adjusted 
to print, the feed carriage N strikes a lug o on a sliding bar, O, and 
moves it endwise in its frame until its point o comes in contact 
with a spring p, which closes the local battery of the magnet 16. 
This draws down an armature mounted on a lever, R, rocking on a 
pivot r, and carrying the gear wheel above mentioned, which act- 
uates the feed bar. The drawing down of the armature lifts this 
gear out of contact with the feed bar, and the paper-carrying 
mechanism is immediately retracted by the spring F. The platen 
in this instance consists of a roller around which the paper passes, 
which roller rotates in bearings in the sliding carriage. During its 
forward movement the platen is prevented from rotating by means 
of a series of pins, s, on a wheel, S,on the same axis as the 
platen, which pins pass on each side of a guide bar S’. On the back- 
ward movement of the sliding carriage, however, one of these pins 
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strikes against a pivoted spring-switch, t, under the guide bar, 
which deflects the pins and turns the platen a distance equal to that 
desired for the distance between the rows of type. On the next 
forward movement of the feeding carriage the point of the s spring 
switch yields to allow the pin to pass without turning the platen, 
and as soon as the pins pass the point of the switch, it is thrown 
open again by a spring in readiness for the next backward move- 
ment of the carriage after the printing of the line is completed. 

The carriage can be thrown back at any desired point in the line 
by pressing the trip key of the transmitter, which, through a corre- 
sponding analyzing spring in the receiver, throws the local circuit 
into connection with the magnet 16 in the same manner as that 
described as taking place by the operation of the sliding bar, thus 
releasing the sliding carriage and allowing it to return to its starting 
point. 

It will thus be observed that the operator at the transmitting 
station is not only enabled to print at the receiving station any let- 
ter desired and automatically to shift the paper to commence a new 
line, type-writer fashion, but he is also enabled: to shift the sliding 
carriage at the receiving station at will by means of his trip-key to 
commence a new line. 

I propose to employ a ribbon fed between the paper and the 
type by well-known mechanical means, such as commonly used in 
type-writers, which, to avoid complication, is not, shown in the 
drawings, and which needs no description. 

I contemplate using a web or long strip of paper, so as to dis- 
pense with the constant watching of the receiving instrument, by 
the attendant, and by means of the trip-key above mentioned the 
paper can be fed along, so as to leave a space between each mes- 
sage, to permit of their being separated and delivered without re- 

I am thus enabled by my invention not only to print a telegraph 
message without the use of a type-wheel and without the use of 
synchronously moving step by step (or steadily revolving) mechan- 
ism, such as has heretofore been universally employed, so far as my 
knowledge extends, and thus save the time necessary for the type 
to come into position, the operator's ability to transmit being, thus, 
by my invention, the only limit to the speed of the apparatus. 

I am also enabled by my invention to print messages in the 
form of a page or letter sheet in contradistinction to printing, in a 
single line and on a narrow strip as heretofore has been the case. 
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I am further enabled to determine in advance by the transmis- 
sion of one tone, which one of the series of type shall move to 
make its impression, by throwing it into connection with mechan- 
ism actuated by the tone appropriated to the particular type to be 
printed. | 

I claim as my invention— 

1. The hereinbefore described art of @lectro-harmonic telegraph 
printing, which consists in printing each letter at the receiving 
station by the direct and instantaneous action of a local battery 
controlled by a key at the transmitting station corresponding with 
said letter. 

2. The hereinbefore described art of electro-harmonic telegraph 
printing which consists in printing a message on a letter sheet, 
type-writer fashion, by the direct operation of the keys at the trans- 
mitting station controlling local batteries actuating the printing 
mechanism. 

3. The hereinbefore described art of electro-harmonic telegraph 
printing which consists in transmitting tones of different pitch 
through an electric circuit by means of corresponding keys, and re- 
producing said tones at the receiving station as a means of actuating 
local batteries controlling printing mechanism, which prints a letter 

ing with that of the key controlling the particular tone 
which throws the local battery into operation. 

4. The hereinbefore-described art of electro-harmonic telegraph 
printing, which consists in determining in advance, through the ac- 
tion of one local battery, which one of the series of letters, numbers 
or characters shall be printed by mechanism actuated by another 
local battery. 

5. The improved art of electro-harmonic telegraph printing, 
which consists in determining in advance, by means of one local 
battery, the point at which the printing of the message by another 
local battery shall begin. 

6. The hereinbefore-described art of electro-harmonic telegraph 
printing, which consists in throwing forward a particular type to be 
printed by one local battery, and making an impression by that par- 
ticular type by another local battery, automatically thrown into ac- 
tion by the movement of the type. 

7. The hereinbefore-described art of electro-harmonic telegraph 
printing which consists in feeding forward the paper upon which the 
message is printed by mechanism thrown into operation by a local 
battery controlled by the printing of the preceding letter. 
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8. The hereinbefore-described art of electro-harmonic 
printing, which consists in touching a key which transmits a partic- 
ular tone, by which one local battery determines in advance what 

; letter shall be printed ; carries forward the type selected, 
which in turn actuates another local battery, which makes the im- 
pression and controls the feeding mechanism. 

9. The combination, substantially as hereinbefore set forth, of a 
reciprocating type, moved in one direction by the armature of the 
electro-magnet and in the other by a spring. 

10. The combination, substantially as hereinbefore set forth, of 
the armature of the magnet, the endwise moving frame, the type 
printed thereon, and the retracting spring attached directly to the 


11. The combination, substantially as hereinbefore set forth, of 
a series of type, movable radially relatively to a common centre, a 
shipper acting upon one of the series, and a series of electro-magnets 
which control the action of the shipper. 

12. The combination, substantially as hereinbefore set forth, of 
a series of type, a carrier or shifter bar acting upon either one of 
said type, a series of electro-magnets which control the selection of 
the type to be acted upon, and a second electro-magnet, which act- 
uates the type selected. 

13. The combination, substantially as hereinbefore set forth, of a 
series of type, a shifting carrier acting upon one of the types of the 
series, a series of electro-magnets which select the type to be acted 
upon, a second electro-magnet which actuates the type selected, and 
a third electro-magnet, which actuates the printing hammer, tomake 
an impression of the selected type. 

14. The combination, substantially as hereinbefore set forth, of 
an electro-magnet for actuating the printer hammer, and an electro- 
magnet for actuating the paper feeding mechanism. 

15. The combination, substantially as hereinbefore set forth, in 
an electric circuit of a vibrating reed, producing a musical tone or a 
definite number of vibrations per unit of time, a key controlling said 
vibrations, a corresponding reed at the receiving end of the line, a 
local battery controlled by said vibrating reed or circuit-breaker and 
an electro-magnet, the armature of which carries a type, for the 
purpose specified. 

16. The combination, substantially as hereinbefore set forth, in an 
electric circuit of a series of circuit-breakers capable of producing 
tones of different pitch, a series of corresponding receivers, a 80- 
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ries of keys controlling the transmission of said tones, a series of 
local batteries controlled by the vibrating receivers, and a series of 
type controlled directly by the electro-magnets of the local batteries. 

17. The combination, substantially as hereimbefore set forth, in 
an electric circuit of a series of transmitting keys, printing mechan- 
ism controlled by said keys, and a shifting key for determining in 
advance which letter of a series, marked on each key, shall be 

inted. 

22 The combination, substantially as hereinbefore set forth, in 
an electric circuit of printing mechanism, keys controlling said print- 
ing mechanism, and a trip key, which determines the point at which 
the printing of the message begins. 

19. The combination, substantially as hereinbefore set forth, m 
an electric circuit of printing mechanism, keys for controlling the 
printing mechanism, keys for determining which one of a series of 
type shall be printed, and a trip key which determines the point on 
the paper at which the printing shall begin. 

20. The combination in an electric circuit, substantially as 
hereinbefore set forth, of apparatus for transmitting tones of differ- 
ent pitch, keys controlling said apparatus, receivers which analyze 
and reproduce said tones, and independently movable type, each 
controlled by its particular tone. 

21. The combination, substantially as hereinbefore set forth, of 
a paper carrier, a spring for moving it in one direction, a feed bar, 
and gear wheel mounted on the armature of the electro-magnet, and 
adapted to be thrown into or out of gear with the feed bar by the 
movement of the armature. 

22. The combination of the paper-carrying mechanism, a feed- 
bar, a gear wheel actuating said bar mounted on the armature of one 
electro-magnet, and a feed-pawl mounted on the armature of an- 
other electro-magnet. 

23. The analyzing receiver, hereinbefore described, consisting of 
the combination of two or more magnets, with their light poles 
united by connecting bars, constituting in fact one magnet, and a 
series of tune-receiving springs vibrating near said bars, so that 
each shall receive its proper tone from said magnet. 

In testimony whereof I have hereunto subscribed my 
name. 


Emm Gray. 
Witnesses : 
WI. A. Suni, 
WI. J. Pzyron. 
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(No. af.) Defendants’ Exhibit, “Gray Double Bar 
Magnet Patent.” 


J. A. W., Sp. Ex’r. 
(Introduced in Record, p. 12). 


ELISHA GRAY, OF CHIGAGO, ILLINOIS, ASSIGNOR BY MESNE ASSIGN- 
MENTS, TO THE HARMONIC TELEGRAPH COMPANY OF NEW 
YORK CITY. 


IMPROVEMENTS N REcEIVERS FoR ELEcTrro-Harmonic TELEGRAPHS. 


Specifications forming part of Letters Patent, No. 198,379, dated 
December 18, 1877 ; application filed April 12, 1876. 


To all whom it may concern : 


Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook and State of Illinois, have invented certain new and useful 
Improvements in Receivers for Electro-Harmonic Telegraphs, of 
which the following is a specification : 

My invention relates to an analyzing receiver having two or more 
analyzing springs or bars, combined with a single electro-magnet, 
and constitutes an improvement upon the instruments shown in 
Letters Patent No. 166,094, granted to me July 27, 1875; the im- 
provement consisting in combining two or more analyzing springs 
or ribbons, with separate adjustment, with the magnet, instead of 
the single bar or ribbon shown in that patent. 

ä ———ů—— — 
view of my improved apparatus; Fig. 2, a side elevation thereof; 
and Fig. 3, a vertical transverse section there through on the line 
11 of Fig. 1. 

In this instance, A represents a suitable base-board; B, Bi, Be, 
B, B., suitable binding screws for the electrical connections ; C, a 
triangular frame, upon which an electro-magnet, D, is mounted; E, 
E, two ribbons or springs, provided with tension screws e, e, by 
which they may be adjusted; and F, F, two circuit-breaking springs, 
adapted to vibrate more slowly than the bars E, E, and provided 
with mechanism to adjust their rate of vibration. 
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The ends of the magnets are provided with pole pieces d, &, 
which extend opposite the springs, so that two or more of these 
springs or analyzing receivers may be included with the attraction 
of the same magnet. ä 

When two notes of different pitch are transmitted through the 
electric circuit simultaneously, and the two receiving springs are 
tuned in unison with their respective transmitters, each will respond 
to its respective tone; but if either note is stopped, its correspond- 
ing receiver ceases to vibrate, just as if operated by a separate mag- 
net, the reasons of which operation will be obvious upon considera- 
tion of the fact that the cores of all the magnets in the carcuit 
respond to all the electric impulses sent through them, whether 
simple or complex, the analyzing principle being developed only by 
the appliances upon which the magnetic impulses act. From this 
it is obvious that one or more magnets would operate two or more 
tuned reeds or bars, mounted, in order to secure amplification of 
sound, upon resonant boxes, such as shown in my application for 
letters patent filed Jan. 8, 1876. 

The advantages of this apparatus are not only in the direction of 
economy of saving in a number of magnets, but of battery-power, as 
it is well known that the induction of a great number of electro- 
magnets in a telegraph line seriously diminishes the working power 
of the battery. 

In an application for letters patent, filed simultaneously here- 

with I have shown and described this apparatus, as carried out on 
a large scale, in combination with a printing 2 

I claim as of my own invention, — . 

The combination, substantially as hereinbefore set forth, in an 
electric circuit, of an electro-magnet through which notes of differ- 
ent pitch are transmitted with two or more vibrating receiving- 
springs, tuned correspondingly with the notes so transmitted, 
whereby each analyzer selects its own tone from the magnet with- 
out interfering with the others. 

In testimony whereof, I have hereunto subscribed my 
name. a 
ELIsHa Gaar 
Witnesses: 
Wm. A. SEINKELE, 
W. J. Perron. 
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B. GRAY. 
Art of Transmitting Rhythmical Vibrations in an 
Eleotric Circuit 
No. 205,378. Patented June 25, 1878. 
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(Wo. 54g.) Defendants’ Exhibit, “ Gray's Common Re- 
ceiver Patent.” 


J. A. W., Sp. Err. 
(Introduced in Record, p. 12.) 


ELISHA GRAY, OF CHICAGO, ILLINOIS. 


[IMPROVEMENT IN THE Ar or TRANSMITTING RHYTHMICAL VIBRATIONS 
rN AN Execrric Cncorr. 


Specification forming part of Letters Patent, No. 205,378. Dated 
June 25, 1878. Application filed April 9, 1878. 


To all whom it may concern: 


Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook and State of Illinois, have invented certain new and useful 
improvements in the art of generating and transmitting through an 
electric circuit rhythmical impulses, undulations, vibrations, or 
waves, representing composite tones, musical impressions or sounds 
of any character or quality whatever, and of audibly reproducing 
such vibrations, and also in apparatus for so generating, transmit- 
ting and reproducing such impulses, undulations, vibrations, or 
waves, of which improvements the following is a specification : 

In Letters Patent of the United States Nos. 166,095 and 166,096, 
granted to me July 27, 1875, in the caveat filed by me February 14, 
1876, and in sundry applications for Letters Patent for improve- 
ments in electric telephony filed October 29, 1877, I have shown de- 
vices intended to operate as common receivers and reproducers of 
all sorts of rhythmical vibrations representing sounds of whatever 
kind or quality with reference to the number of tones sim 
transmitted, received and reproduced, and their relations to each 
other in respect to amplitude, rate, &c. 

In an application for letters patent filed by me February 23, 
1875, for improvements in the art of transmitting musical impres- 
sions or sounds telegraphically, and in apparatus for so trunsmitting 
such sounds, or impressions, I have shown devices for transmitting 
musical sounds and one method of arranging the same on an electric 
circuit to produce the desired results, including the relation of the 
main battery to the line and instruments at each end, and described 
the effects produced. 


0 
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In Letters Patent No. 186,340, granted to me Jan. 16, 1877, I 
have shown and described a method of and apparatus for gener- 
ating, transmitting, and reproducing in an electric circuit rhyth- 
mical impulses, undulations, vibrations or waves, as well as an 
improved method of connecting the transmitting apparatus to the 
line and main battery so that any tone of a series could be trans- 
mitted without interference with the power used for transmission 
of another tone and so that zwo or any greater number of tones 
could simultaneously be transmitted, received, and reproduced, 
preserving their individuality as perfectly as the same would be 
preserved in passing through the air. This patent also showed 
a closed circuit, in which a continuous current from a main bat- 
tery kept a reproducing and receiving magnet constantly charged, 
and devices for varying the power or electro-motive force of the 
current by superposing thereupon the vibrations or undulations 
generated by the transmitter. 

In Letters Patent No. 175,971, granted to me April 11, 1876f 
for improvements in telephonic telegraph apparatus, I have shown 
a series of receivers so constructed that each receiver which con- 
sists of a resonant box with a magnet having a tuned armature 
mounted upon it, will only respond to the particular note to which 
it is adapted, this apparatus, in practice, being arranged upon 
circuit as shown in my patent of Jan. 16, 1877, No. 186,340, above 
mentioned. 

By having a number of receivers tuned to all rates of vibra- 
tion, with correspondingly tuned transmitters, it is possible to 
transmit and receive composite sounds varying greatly in respect 
to quality, rate, &c. For instance the different vowel sounds may 
be transmitted and received by this apparatus, providing that the 
receivers are of the proper relation to each other, and all ar- 
ranged near together, so as to get the composite effect of the 
tone sent through the wire. 

Such an apparatus constitutes the subject matter of a division 
of this application, filed May 18, 1878. 

To render the vowel sound A, for instance, I would transmit 
a composite tone, the simple elements of which would bear the 
following relations to each other. The amplitude of vibration of 
any simple tone which goes to make up the composition of a 
vowel or any sound is determined in this case by the number of 
cells of the battery used by the transmitter of that particular 
tone. Let us assume as a basis for the fundamental or lowest 
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tone in the clang or composition of tones one hundred vibrations 
per second. The vowel a is composed of five simple tones. If, 
as we have assumed, the first or fundamental tone have one hun- 
dred vibrations per second, the second tone will have two hun- 
dred, the third three hundred, the fourth four hundred, and the 
fifth five hundred. These tones, however, to produce the desired 
effect, must not all have the same amplitude or loudness; the 
second tone should be rather moderate in strength, which will be 
accomplished by giving it fewer cells of battery; the third, much 
greater amplitude, as this is the characteristic note of the clang, 
to accomplish which we add a greater number of cells of bat- 
tery; while the fourth and fifth are added with a feeble ampli- 
tude. It will seem that by this arrangement we are able to con- 
trol not only the number of tones transmitted but their relations 
with respect to rate and amplitude. 

My present invention constitutes an improvement upon the 
invention set forth in the patents and applications above recited 
and contemplates the combination, in an apparatus for generat- 
ing and transmitting vibrations, impulses, or waves representing 
composite tones of a closed circuit, a series of transmitters vib- 
rating at such relative speeds to produce the fundamental and 
harmonics of the tone to be transmitted, a main battery so ar- 
ranged as to give each transmitter the desired relative amplitude 
of vibration, and a common receiver, or one capable of reproduc- 
ing tones of every variety and quality. 

The subject-matter claimed will hereinafter specifically be 
designated. 

The accompanying diagram represents an arrangement upon 
circuit of generating, transmitting and reproducing apparatus for 
carrying out my improvement, three different varieties of common 
receivers or reproducers being shown. 

The different sections 1, 2, 3, 4, 5, of the main battery, it will 
be observed, are arranged, as to number of cells or electro-motive 
force, with respect to the amplitude of vibration or wave desired 
in each of the tones of the composition. 

The diagram shows three different kinds of receivers R, R', 
R*, each capable of reproducing composite tones or sounds of 
every character. It is deemed unnecessary to describe in detail 
the construction of the apparatus employed more than to say 
that it comprises main and local batteries, an apparatus for gen- 
erating and transmitting vibrations representing the composite 
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tone to be transmitted, a receiving apparatus capable of repro- 
ducing such tones, and a closed circuit through which a contin- 
uous current ‘flows to keep the magnets permanently charged. 
The arrangement of circuit is similar to that shown in my patent 
of Jan. 16, 1877, above mentioned, while the transmitters repre- 
sented in the diagram are similar to those shown in Letters Pat- 
ent No. 165,728, granted to me July 20, 1875. Each transmitter 
is operated by its respective local battery, omitted for convenience 
of representation. The receivers R, R', are similar to those shown 
in sundry applications for Letters Patent of the United States 
filed by me Oct. 29, 1877, and consist (speaking generally) of a dia- 
phragm r, adjustably arranged relatively to an electro-magnet 71. 
The receiver R* consists of an electro-magnet mounted upon a 
sounding box in a way that will be readily understood from the 
drawings, and (like the others) is capable of reproducing tones of 


- all varieties and qualities. 


It will be observed that my arrangement of batteries and trans- 
mitters admits of an unlimited variety of adaptations and combina- 
tions in respect to number and character of tones as to amplitude, 
rate, &c., so that when the quality of any tone is once determined 
by analysis it may be reproduced by my combination by the organi- 
zation of the several parts relatively to each other. 

The operation of my invention will be readily understood from 
the accompaying description, when it is desired to transmit a com- 
posite tone of a particular clang I depress the keys which bring into 
operation such batteries and transmitters as an analysis of such 
clang dictates we should use. To transmit a sound of different 
quality depress a different set of keys, arranged as before stated, 
with reference to the necessities of the case. 

It is unnecessary to go into a detailed analysis of a great 
variety of sounds, as the principle involved is fully set forth in the 
case already given. 

From the above it is easy to conceive that composite tones may 
be mechanically transmitted by a proper arrangement of . 
ters, batteries, &c. 

What I claim as of my own invention, and desire to secure by 
Letters Patent is 

The combination, substantially as hereinbefore set forth in an 
apparatus for generating and transmitting vibrations, impulses, or 
waves representing composite tones, of a closed circuit, a series of 
transmitters vibrating at such relative speeds as to produce the 
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(No. 54h). Defendants’ Exhibit, “Gray's Revolving 
Drum Telephone Patent.” 


J. A. W., Sp. Ex'r. 
(Introduced in Record, p. 12.) 


ELISHA GRAY OF CHICAGO, ILLINOIS. 
IMPROVEMENT IN SPEAKING TELEPHONE. 


Specifications forming part of Letters Patent No. 210,776, dated 
December 10, 1878 ; application filed August 3, 1878. 


To all whom it may concern: 


Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook and State of Illinois, have invented certain new and useful 
improvements in speaking telephones, of which the following is a 
specification : | 

In Letters Patent No. 166,096, granted to me July 27, 1875, on 
an application originally filed April 18, 1874. I have shown and 
described apparatus for transmitting rhythmical vibrations repre- 
senting composite sounds or musical tones of different pitch tele- 
graphically, and for reproducing said tones at the receiving end of 
the line through the medium of animal tissue. 

My present invention constitutes a new application of the prin- 
ciple exemplified in said letters patent, its object being to reproduce 
articulate sounds at the receiving end of the telegraphic circuit 
through animal tissue in gliding contact with a plate of suitable 
metal. 

Any of the well known speaking telephones which transmit with 
sufficient intensity may be employed as a transmitter, in my im- 
proved apparatus I prefer, however, for a transmitter the one known 
as the “water telephone,” described in a pending application for 
letters patent filed by me October 29, 1877, or the Edison carbon 
telephone transmitter, orsome instrument used in connection with a 
battery, on account of the greater power which may be obtained 
from such a transmitter. 

I prefer to use currents of considerable tension in working my 
improved apparatus, the most convenient and economical mode of 
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B. GRAY. 
Spesking-Telephone. 


No. 210,776. Patented Dec. 10, 1878. 
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(No. San). Defendants’ Exhibit, “Gray's Revolving 
Drum Telephone Patent.” 


J. A. W., Sp. Ex'r. 
(Introduced in Record, p. 12.) 


ELISHA GRAY OF CHICAGO, ILLINOIS. 
IMPROVEMENT IN SPEAKING TELEPHONE. 


Specifications forming part of Letters Patent No. 210,776, dated 
December 10, 1878 ; application filed August 3, 1878. 


To all whom it may concern: 


Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook and State of Illinois, have invented certain new and useful 
improvements in speaking telephones, of which the following is a 
specification : 

In Letters Patent No. 166,096, granted to me July 27, 1875, on 
an application originally filed April 18, 1874. I have shown and 
described apparatus for transmitting rhythmical vibrations repre- 
senting composite sounds or musical tones of different pitch tele- 
graphically, and for reproducing said tones at the receiving end of 
the line through the medium of animal tissue. 

My present invention constitutes a new application of the prin- 
ciple exemplified in said letters patent, its object being to reproduce 
articulate sounds at the receiving end of the telegraphic circuit 
through animal tissue in gliding contact with a plate of suitable 
metal. 

Any of the well known speaking telephones which transmit with 
sufficient intensity may be employed as a transmitter, in my im- 
proved apparatus I prefer, however, for a transmitter the one known 
as the “water telephone,” described in a pending application for 
letters patent filed by me October 29, 1877, or the Edison carbon 
telephone transmitter, orsome instrument used in connection with a 
battery, on account of the greater power which may be obtained 
from such a transmitter. 

I prefer to use currents of considerable tension in working my 
improved apparatus, the most convenient and economical mode of 


B. GRAY. 
Speaking-Telephone. 


No. 210,776. Patented Dec. 10, 1878. 


B. GRAY. 
Spesking-Telephene. 


Mo. 210,776. Pateated Dec. 10, 1878. 
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doing which is by the use of an induction coil, as shown and de- 
scribed in my letters patent above-mentioned. 

The receiving apparatus is substantially the same in construc- 
tion and operation as the one heretofore employed by me for 
reproducing musical tones transmitted through a telegraphic cir- 
cuit. 


My invention therefore consists in combining in an electric cir- 
cuit telephonic apparatus capable of transmitting articulate speech 
with a resonant receiver through the intervention of animal tissue 
in gliding or frictional contact with said resonant receiver. This 
receiver may consist ofa plate of any of the well known metals, 
whether capable of induction or not. I prefer, however, to use a 
plate, disk or diaphragm of thin sheet metal, such as zinc or Ger- 
man silver, highly polished and oxidized on the surface exposed to 
friction. The friction or gliding contact between the animal tissue 
and the receiving plate may be produced in various ways, but I 
have found in practice the simplest and most effective to be to 
mount the receiving plate upon a resonant box or case mounted 
upon a shaft so as readily to be revolved by means of a pulley, 
crank, treadle or other well known motor. By this means an even 
pressure and uniform rotation of the receiving plate is secured. 1 

The animal tissue may consist of one or more fingers of the hu- — 
man hand interposed in the circuit and pressed against the plate. : 
Various other equivalent substances are mentioned in my patent 
above-mentioned. 

The accompanying drawings show one convenient form of ap- 
paratus for carrying out the objects of my invention. Obviously, 
however, the details of construction of both the transmitter and re- 
ceiver may be greatly varied without departing from the spirit of 
my invention. 

Figure 1 represents an axial transverse section through the re- 
ceiver; and Fig. 2 represents an arrangement upon circuit of the 
entire apparatus, including both transmitter and receiver. 

The base or supporting stand A is, by preference, made of metal, 
and of a weight and size sufficient to maintain it in position with- 
out fastening it to its support. A shaft B revolves in suitable bear- 

. ings upon this stand, being driven by a crank B or by a pulley, 
-* clockwork or other suitable prime mover, and carries a hollow re- 
sonant box or case of wood, or some other resonant substance, the 
outer or open end of this box is covered by a thin sheet metal disk, 


plate or diaphragm D, preferably of sinc, as the surface of this 
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metal is usually covered with a very thin film of oxide, which is 
highly favorable to the proper action between the animal tissue 
and the plate when in gliding contact. 

The diaphragm, it will be observed, is connected with a shaft 
and base by a wire ¢, inside the resonant box or case, the base be- 
ing in turn connected with the ground by awire a. The transmit- 
ter H in this instance is an ordinary speaking telephone of the form 
shown in my application filed October 29, 1877, above-mentioned, | 
known as a variable resistance telephone,” which class includes 
the microphone, the carbon transmitter, the water transmitter and 
all others of that class which produce the sound waves by causing 
the vibrations of the diaphragm to vary the resistance of the bat- 
tery current proportionately to the amplitude of motion of said 
diaphragm. Ido not, however, confine myself to a transmitter of 
this class, but contemplate using any form which will transmit the 
vibrations with sufficient force. 

The main battery, M, B, is shown in Fig. 2 as short circuited 
through the transmitter and through the induction coil I, having 
the usual primary and secondary circuits in such relation to each 
other as will produce the best results at the receiving end of the 
line. ö 

Starting from the plus pole of the battery, the circuit passes 
through the transmitter point A, thence through the primary helix 
of the induction coil and back to the other pole of the battery. 
The secondary helix has one of its poles connected to the line, the 
other with the ground. At the receiving end of the line the circuit 
passes through animal tissue, which may consist of the human body 
or other equivalent material, which is in contact with the plate D, 
from whence the circuit passes through the ground through the 
stand, as shown in Fig. 2, and as hereinbefore described. 

The induction coil may be dispensed with by using a battery of 
high tension and small quantity, but this method would net be so 
economical in practice as the one hereinbefore described. 

In my patent of July 27, 1875, hereinbefore mentioned, I have 
shown that rhythmical vibrations in a primary circuit corre- 
sponding to any given musical tone, or any given number of tones 
simultaneously produced are correspondingly produced inductively 
in a secondary cireuit, and that when these vibrations were passed 
through animal tissue in contact with a receiver such as described, 
the tones were audibly and accurately reproduced. 

My present invention contemplates not only the production of 
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musical tones, but sounds of every character and quality, so that 
any noise whether consisting of spoken words, musical tones or 
other sounds made or uttered in the transmitter or in its immediate 
vicinity, would be reproduced audibly at the receiving end of the 
line on the revolving plate. . 

I do not, therefore, claim the use of an animal tissue receiver 
for the reproduction of musical tones in combination with the trans- 
mitter only adapted to send such tones, as this constitutes the sub- 
ject-matter of the patent hereinbefore mentioned. 

What I claim herein as new and desire to secure by letters pat- 
ent is, 

The combination in a telegraphic circuit of a telephonic trans- 
mitter capable of transmitting articulate sounds or spoken words 
with a receiver capable of reproducing such sounds or words 
through the intervention of animal tissue in frictional contact with 

In testimony whereof I have hereunto subscribed my name. 

RAin Gray. 
Witnesses : 
Jom F. Pu, 
Dem M. Ensxng, Jp. 
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$94 | DEFENDANTS EXHIBITS. 
(Wo. 541.) Defendants’ Exhibit, “Gray's Speaking Tel- 
ephone Art Application.” 
{Introduced in Record, p. 12.] 
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(Wo. 54j.) Defendants’ Exhibit, “Gray's Speaking Tel- 
ephone Art Application.” 


J. A. W., Sp. Ex. 
[Introduced in Record, p. 12.] 
DEPARTMENT OF THE INTERIOR. 
Unstrrep Srates Parent Orne. 


To all persons to whom these presents shall come, Greeting : 

This is to certify that the annexed is a true copy from the files 
of this office of the file-wrapper, contents and drawing in the mat- 
ter of the application of Elisha Gray, filed October 29th, 1877, for 
Art of Transmitting Vocal Sounds Telegraphically, &c. 

In testimony whereof, I, Ellis Spear, Commissioner of 
Patents, have caused the seal of the Patent Office 

to be hereunto affixed this twenty-first day of Au- 

I. 8.] gust, in the year of our Lord one thousand eight 
hundred and seventy-eight, and of the indepen- 

dence of the United States the one hundred and 


third. 
Eu SPear, é 


CASE 1. APPLICATION. 
To the Commissioner of Patents : 
Your petitioner prays that letters patent may be granted to him 
for the invention set forth in the annexed 


Also, that you will recognize Baldwin, Hopkins & Peyton, of 
Washington City, D. C., as his duly authorized attorneys, with full 


N 
i 
0 


| 
: 
: 
| 
: 


niir Ocroate 29" 1877 


har or N ure Voct. Soowss Teeeenarmcatsy 
274. Ocroera 29 * , 


— 
—— 4 1 
oe 
] 
4 
b . 
a 
0 1 4 
‘ 
D o 3 
2 1 
’ 
* 
a 
8 
— : 
* « 
1 eo 
. 
0 
Be 5 
0 4 
1 4 4 
: : 
‘ J 
0068 Oe COS8SS ——— — OCF * 1 . . : 
‘a 
* 
2 
1 
* 
e i 
a 
8 
74 
1 
= 
0 oe 
7 
1 2 
WITHESSES ; 
° 
a. By 4% ee 4 
‘ 2 


* r 
* * 


11 


D 5 
N 6 „ a FFP 
r 


„ 


r . — I AE NN I 
: 


n ** 
* n * 
* Wa * 


Pits, 

—— — 

r 
‘sii " 
. “2 


Zenn Gum. 


N 
42 
I. 
i 
t 
10 
e 


ꝶ—— „ „„ i MIN ws a: 


„ EMS 


eee a ana. a Mik 


— ee ee ee ee — 
CFP Ae ã k- Ex 


~ 


rr AEE BT eae a — PLEAS ALAA LLL LLL A LOL ACEO LR LE 7⅛˖‚i i ALA APPA = me ES — a — = — 
— p ² A ˙ ELE OME ST — . —·˖r˙ APOE, — . ̃ wm-l K q⁰ —Fu111. 1 OE IE — ATT — AP LOIEI TS MS — Meell 
, — — N . . a N » amet Oe 5 ~ . . ae 


ee 


— Rur — 
r „3 „ „% na WE SIRE 


b % „ ee ee N 


“GRAYS SPEAKING TELEPHONE ART APPLICATION.” 395 


power of substitution and revocation to prosecute this application, 

to make alterations and amendments therein, to receive the patent 

and transact all business in the Patent Office connected therewith. 
) ELA Gray. 


To all whom it may concern 


Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook, and State of Illinois, have invented a new and useful Art of 
Transmitting Vocal Sounds Telegraphically ; as well as certain new 
and useful improvements on Apparatus for so Transmitting such 
sounds, of which ‘art and apparatus the following is a specifica- 
tion : 

The object of my invention is to transmit the tones of the hu- 
man voice through a telegraphic circuit and reproduce them at the 
receiving end of the line, so that oral conversations can be carried 
on by persons at long distances apart. 

I have heretofore invented and patented methods of transmit- 
ting musical impression or sounds telegraphically, and my present 
improvement is based upon a modification of the principle of said 
invention set forth and described in sundry letters patent, granted 
to me July 27, 1875, and respectively numbered 166,095 and 166,- 
096 ; letters patent No. 173,460, granted to me February 15, 1876; 
and also in an application for letters patent of the United States, 
filed by me February 23, 1875. 

To attain the objects of my invention I have devised an appa- 
ratus capable of vibrating responsively to all the tones of the hu- 
man voice, and transmitting said vibrations through the electric cir- 
cuit and reproducing them on a receiver correspondingly respon- 
sive to the tones of the human voice, and by which they rendered 
audible. 

The subject matter claimed will hereinafter specifically be des- 
ignated. 

The accompanying drawings represent apparatus embodying my 
„improvements in the best way known to me, but I contemplate va- 
rious other applications and also changes in the details of construc- 
tion of the apparatus, some of which obviously would suggest them- 
selves to a skilled electrician, or to a person versed in the science 
of acoustics upon being made aware of my invention. 

Figure 1 represents a vertical central section through one form 


DEFENDANTS EXHIBITS. 


of an apparatus embodying my improvements capable of use either 
as a transmitter or as a receiver. 

Figure 2 is an end view of a portion of the same. 

Figure 3 represents a vertical transverse section through another 
form of transmitting apparatus, which forms the subject matter of 
another application for letters patent of the United States, filed by 
me simultaneously herewith. 

Figure 4 represents a view of the apparatus arranged upon cir- 
cuit to illustrate its operation more fully, showing a transmitter 
similar to that shown in figure 3 and a receiver similar to that 
shown in figure 1; and 

Figure 5 shows an arrangement upon circuit similar to figure 4, 
with the exception that the transmitter and receiver are both like 
that shown in figure 1. 

My present belief is that the most effective apparatus capable 
of responding to the various tones of the human voice consists of a 
tympanum or diaphragm combined with a frame or a chamber car- 
rying apparatus for producing changes in the strength of an electric 
current. 

The fundamental distinction between a diaphragm of the char- 
acter contemplated by me and the one shown in the well-known 
Reis telephone is the absence of the contact point. Where such 
contact point is employed, the apparatus, while capable of trans- 
mitting musical tones, is incapable of transmitting articulate sounds 
or all the tones of the human voice; but when used as contem- 
plated in the present case, not only musical tones, as before de- 
scribed, may be transmitted, but spoken words or other sounds of 
whatever character may be transmitted and reproduced at the re- 
ceiving end of the line, so that ordinary conversations may be car- 
ried on over the circuit. 

The transmitter shown in figure 3 consists of a box, chamber or 
tube A, by preference made with a flairing mouth. Across this cham- 
ber is arranged a diaphragm a of some thin substance such as 
parchment or gold-beater's skin, capable of responding to all the 
vibrations of the human voice, whether simple or complex. At- 
tached to this diaphragm is a light metallic rod ai, or other suitable 
conductor of electricity, which rod extends into the vessel B, of 
glass or other suitable insulating material, having its bottom closed 
by a plug, which may be of metal, or through which passes a con- 
ductor D, forming part of the circuit. The speaking tube A and 
base or stand B', which supports the vessel B, are held in a fixed 


“GRAYS SPEAKING TELEPHONE ART APPLICATION.” 897 


relation to each other by a suitable connecting frame C, or other 
well known means; and the conductor D, above mentioned, is 
mounted upon an adjusting screw d, by which means it may be ad- 
justed very close to the rod a', without actual contact. The vi- 
brations of the diaphragm a will thus cause the rod a' to vary its 
relation to the conductor d, thus varying the resistance and conse- 
quently the strength of the current passing through the circuit. It 
will be observed that the degree of variation in the strength of the 
electric current will correspond accurately with the amplitude 
‘and rapidity of the vibrations of the diaphragm, which vibrations, 
in the annunciation of any given word, are variable, both as to am- 
plitude, rate and complexity. 

The vessel B is filled with some liquid possessing high resistance 
to the electric current, such, for instance, as distilled water or other 
yielding substance possessing high resistance. 

The transmitter must, of course, be mounted in a suitable frame 
to hold it securely and prevent the waste of the resisting medium 
where liquid is employed as such medium. 

The variations in the strength of the electric circuit thus pro- 
duced are transmitted to the receiving station or instrument, in 
which circuit is included an electro-magnet of ordinary construc- 
tion acting upon a diaphragm preferably connected with a vocalis- 
ing chamber. 

In figure 1 of the accompanying drawings a vocalizing chamber 
F is shown as provided with a diaphragm 7, to which is attached a 
piece of soft iron 7, constituting an armature in close proximity to 
the core of a magnet E, held in a fixed relation in regard to the 
vocalizing chamber by a suitable frame and provided with suitable 
adjusting screws e el, to adjust the magnet and diaphragm in proper 
relation to each other. 

A sheet-metal diaphragm might obviously be substituted for the 
one just described. When a diaphragm of sheet iron or steel is 
used, the diaphragm itself constitutes an armature, and the piece of 
soft iron 7i, figure 1, may be dispensed with. 

The proper proportion, form and mounting of this plate, disc or 
diaphragm are important conditions, which must be taken into con- 
sideration in order to obtain the best results. 

The plate or membrane should be thin, preferably circular, equal 
in length and breadth, and should be rigidly supported at ite edges 
in a proper frame, while the central portion, being elastic, is left 
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free to take up and respond to sonorous vibrations of every char- 
acter. 

All solid bodies tend to vibrate at a certain definite rate called 
the fundamental, and when shaped with reference to the develop- 
ment of this characteristic to the greatest extent, it is difficult to 
excite vibrations having any degree of amplitude other than the 
fundamental rate belonging to them respectively. A tuning fork is 
an example of a body whose form is calculated to develop this 
quality in a high degree. On the other hand, the more nearly a 
body assumes the form of a plate, preferably circular, made thin 
and supported not at one side alone, but all around its edges, the 
more it looses its special fundamental character and becomes capa- 
ble of vibrating at one rate as readily as another. A plate or mem- 
brane in which this characteristic is developed in the greatest de- 


gree is best adapted to the transmission and reception of oral con- - 


versations. 

Figure 4 shows the apparatus above described, arranged upon 
circuit, the operation of which will readily be understood from the 
foregoing description. The diaphragm of the transmitter A is 
thrown into vibrations by the voice of the operator, and the corre- 
sponding diaphragm at the receiving end of the line is thrown into 
corresponding vibrations with those of the transmitter, and audible 
sounds or words are produced. 

Figure 5 shows two instruments similar to that shown im figure 
1, arranged upon circuit to act both as receivers and transmitters, 
the operation being the same, although variations of the eurrent 
strength are produced in the case of the transmitter first de- 
scribed by variation of resistance, while in the other case they 
are produced by the inductive action of the armature upon the 
fixed magnet. 

By means of the apparatus thus described persons at a distance 
can converse with each other through an electric circuit and they now 
do in each other's presence. 

What I claim as my invention and desire to secure by Letters 
Patent is: 

1. The hereinbefore described art of transmitting and reproduc- 
ing at a distance sonorous ways or vibrations of any description, 
which consists in increasing and decreasing the strength of an 
electric current traversing a circuit in such a manner as to produce 
in said circuit a series of electrical waves or vibrations precisely 
corresponding in their intervals of succession and relative ampli- 
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tudes to the sonorous waves which are to be reproduced at 
the receiving station or stations, so that oral conversations 
or sounds of any description whatever may be telegraphically 
transmitted. 

2. The hereinbefore described improvement in the art of trans- 
mitting vocal sounds or spoken words telegraphically, which consists 
in throwing upon the line, through the medium of a varying resist- 
ance, electrical impulses corresponding to the vibrations of a 
diaphragm operated by the movements of the air, produced by a 
spoken word. 

In testimony whereof, I have hereunto subscribed my 


En Gray. 


Crry or WASHINGTON, m } sa. 
District of Columbia, 5 


Exisna Gray, the above-named petitioner, being duly sworn, 
deposes and says that he verily believes himself to be the original 
and first inventor of the art of transmitting vocal sounds tele- 
graphically and apparatus therefor, described in the foregoing 
specification ; that he does not know and does not believe that the 
SS eee 
United States. 


Enn Gray. 


before me this 20th day 
of October, 1877 


WI. J. Perron, 
(x. 8.] Notary Public. 


Sworn to and 2h ay 


Wasnmorox, D. C., Oct. 29, 1877. 
UNITED STATES PATENT OFFICE. 


In the matter of the application of Elisha Gray for Letters Patent 
for Art of Transmitting Vocal Sounds Telegraphically, and 
Apparatus therefor, filed Oct. 29, 1877. 

We request that a model may temporarily be dispensed with in 
the application above mentioned, and that the case be forwarded to 
the Examiner for his action. 

The model will be filed in a few days. 


J. 
Batpwin, Hor ans & Prrrox, 


Atty’s for E. Gray. 
To the Commissioner of Patents : 
Model can be dispensed with for examination. : 
J. H. McDonatp, 1 
Ass’t in Ch'g. , 
App'd. 
W. H. Dootrrr1z, 


A. C. 
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Room No. 118. 
Case 1. 
116-73. 

Copy sent 

Oct. 31, 1877. 


U. S. Patent 


— OF THE INTERIOR, 
— 
Wasuineton, D. C., Oct. 31, 1877. 


Elisha Gray, care Baldwin, Hopkins & Peyton. Present. 
Art of Transmitting Vocal Sounds Telegraphically. 


Filed Oct. 29, 1877. 


This application has been examined and found to be fully met 
by patent of A. G. Bell, Mar. 7, 1876, No. 174,465 (Elec-Telephonic 
Telh’s). Magnet E is not described or shown as being in any man- 
ner different from the common form of electro-magnet consisting of 
a soft iron core, surrounded with coils of wire. Other character- 
istics are obviously necessary, in order to make the device 
operative. 

. On page 8 it is stated that the armature acts inductively ; as this 
-f armature is stated to be of soft iron, this appears to be hardly cor- 
rect. The application is accordingly refused. 
H. C. Tom, 
Ex'r. 


0 


DEFENDANTS EXHIBITS. 
2. LETTER TO OFFICE. 
Dec. 5, 1877. 


Wasuineron, D. C., Dec. 4, 1877. 


To the Commissioner of Patents : 

Sir—Herewith we file a model to complete the application of 
Elisha Gray, for Art of Transmitting Vocal Sounds Telegraphically, 
filed Oct. 29, °77. 

, Resp y, 


Batpwix, Horzns & Perron, 
Attys. for E. Gray. 


Dec. 8, 1867. 
Ix THE Unrrep Srares Parent Ofrice. 


In the matter of the application of Elisha Gray, for Letters Patent 
for Art of Transmitting Vocal Sounds Telephonically, filed 
Oct. 29, 1877 (Case 1). 


Wasnineton, D. C., Dec. 8, 1877. 


To the Commissioner of Patents : 


Sir—We have the official letter of October 31, rejecting the 
above-mentioned application and request the prompt declaration of 
an interference with the reference cited, which, it will [be] observed 
by reference to the official records, was granted in derogation of 
Gray's caveat of even date, with the application upon which that 
patent was granted. 
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The Office is mistaken as to its assumption of the i 

of the “magnet B“ described. Its practicability has been demon- 
strated by actual working. If an issue is made on this point, proof 
will be furnished. Moreover, we are unable to perceive why a soft 
iron armature will not act inductively. Our client, who is an elec- 
trician of twenty odd years’ experience, knows of no such reason, 
and, on the contrary, has worked it as described in the specification. 
In fact, soft iron is one of the best-known substances for inductive 
action, being superior even to steel for this particular purpose. 


U. 8. Patent Office, 
Wasuineton, D. C., Mar. 26, 1878. 
Hun Gray, care Baldwin, Hopkins & Peyton, Present: 

Please find below a copy of a communication from the Examiner 
concerning your application for patent for Art of Transmitting 
Vocal Sounds Telegraphically, filed Oct. 29, 1877. 

(No. 1.) 3 


DEPARTMENT OF THE INTERIOR, 


. * 
+ ö +e 
* r . e 
a 
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Tour case above referred to is adjusted to interfere with the 
application and patents named below, and the question of priority 
will be determine i in conformity with the rules accompanying this. 
The preliminary statement, demanded by Rule 53, must be sealed 
up and filed on or before the 6th day of May, 1878, with the sub- 
ject of the invention and name of party filing it, endorsed on the 
envelope. The subject matter involved in the interference is: The 
hereinbefore described art of transmitting and reproducing at a dis- 
tance sonorous waves or vibrations of any description, which con- 
sists in increasing and decreasing the strength of an electric current, 
traversing a circuit in such a manner as to produce in said circuit a 
series of electrical waves or vibrations precisely corresponding in 
their intervals of succession and relative amplitudes to the sonor- 
ous waves, which are to be reproduced at the receiving station or 
stations, so that oral conversations or sounds of any description 
whatever may be telegraphically transmitted.” (Gray's Ist Claim.) 

This is substantially the method specified in Bell's fifth claim, 
and is described in the applications of Edison, Berliner, Richmond, 
Dolbear and Holcombe. 


Parties TO INTERFERENCE. 


Thomas A. Edison. App'n filed Apr. 27, 1877, (Case 130.) 
Atty. of record, L. W. Serrell, P. O. Box 4689, N. Y. City. 

Emile Berliner. App'n filed June 4, 1877. Atty. of record, 
James L. Norris, Washington, D. C. 

George B. Richmond. App'n filed Aug. 24, 1877. Atty. of rec- 
ord, George W. Dyer, Washington, D. C. , 

A. Z. Dolbear. App'n filed Oct. 31, 1877. (A.) Attys. of rec- 
ord, Frank L. Pope, Elizabeth, N. J., James L. Norris, Asso. Atty., 
Washington, D. C. . 

A. G. Holcombe. App'n filed Jan. 28, 1878. Atty. of record, 
Moses G. Farmer, Torpedo Station, Newport, R. I. 

A. G. Bell. Patent No. 174,465, dated Mar. 7, 1876. Atty. of 
record, A. Pollock, Washington, D. C. 

H. C. TownsEnp, 
Er. 
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“GRAYS SPEAKING TELEPHONE ART APPLICATION.” 
5. INTERFERENCE B. 
Mar. 26, 1878. 
Room No. 118. (No. 14.) 


INTERFERENCE B. 
116-73. 


Copy. 
Mar. 26, 1878. 
P. W. P. 


° DEPARTMENT OF THE INTERIOR, 
U. S. Patent Office, 
Wasuineton, D. C., March 26, 1878. 


Exisna Gray, care Baldwin, Hopkins & Peyton, Present: 


Please find below a copy of a communication from the Examiner 
concerning your application filed Oct. 21, 1877, “Art of Transmit- 
ting Vocal Sounds Telegraphically.” 


Your case above referred to is adjudged to interfere with the ap- 
plications and patent named below, and the question of priority will 
be determined in conformity with the rules accompanying this. The 
preliminary statement, demanded by Rule 53, must be sealed up 
and filed on or before the 6th day of May, 1878, with the subject of 
the invention and name of party filing it, endorsed on the envelope. 
The subject matter involved in the interference is the hereinbefore 
described improvement in the art of transmitttng vocal sounds or 
spoken words telegraphically, which consists in throwing upon the 
line through the medium of a varying resistance electric impulses, 
corresponding to the vibrations of a diaphragm operated by the 
movements of the air produced by a spoken word. (Gray’s 2d 
Claim.) 

This is substantially covered in Bell’s fourth claim, and is de- 
scribed in applications of Edison, Berliner and Richmond. 
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Your case above referred to is adjusted to interfere with the 
application and patents named below, and the question of priority 
will be determine i in conformity with the rules accompanying this. 
The preliminary statement, demanded by Rule 53, must be sealed 
up and filed on or before the 6th day of May, 1878, with the sub- 
ject of the invention and name of party filing it, endorsed on the 
envelope. The subject matter involved in the interference is: The 
hereinbefore described art of transmitting and reproducing at a dis- 
tance sonorous waves or vibrations of any description, which con- 
sists in increasing and decreasing the strength of an electric current, 
traversing a circuit in such a manner as to produce in said circuit a 
series of electrical waves or vibrations precisely corresponding in 
their intervals of succession and relative amplitudes to the sonor- 
ous waves, which are to be reproduced at the receiving station or 
stations, so that oral conversations or sounds of any description 
whatever may be telegraphically transmitted.” (Gray's Ist Claim.) 

This is substantially the method specified in Bell’s fifth claim, 
and is described in the applications of Edison, Berliner, Richmond, 
Dolbear and Holcombe. 


Parties TO INTERFERENCE. 


Thomas A. Edison. App'n filed Apr. 27, 1877, (Case 130.) 
Atty. of record, L. W. Serrell, P. O. Box 4689, N. Y. City. 

Emile Berliner. App'n filed June 4, 1877. Atty. of record, 
James L. Norris, Washington, D. C. 

George B. Richmond. App'n filed Aug. 24, 1877. Atty. of rec- 
ord, George W. Dyer, Washington, D. C. | 

A. Z. Dolbear. App’n filed Oct. 31, 1877. (A.) Attys. of rec- 
ord, Frank L. Pope, Elizabeth, N. J., James L. Norris, Asso. Atty., 
Washington, D. C. 

A. G. Holcombe. App'n filed Jan. 28, 1878. Atty. of record, 
Moses G. Farmer, Torpedo Station, Newport, R. I. 

A. G. Bell. Patent No. 174,465, dated Mar. 7, 1876. — of 
record, A. Pollock, Washington, D. C. 

H. C. Townsenp, 
er. 


“GRAY'S SPEAKING TELEPHONE ART APPLICATION.” 
5. INTERFERENCE B. 
Mar. 26, 1878. 
Room No. 118. (No. 14.) 


INTERFERENCE B. 
116-73. 


Copy. 
Mar. 26, 1878. 
P. W. P. 


0 DEPARTMENT OF THE INTERIOR, 
U. S. Patent Office, 
Wasuineton, D. C., March 26, 1878. 


Enn Gray, care Baldwin, Hopkins & Peyton, Present: 


Please find below a copy of a communication from the Examiner 
concerning your application filed Oct. 21, 1877, “ Art of Transmit- 
ting Vocal Sounds Telegraphically“ 

Very respectfully, 
ELLs SPEAR, 


Commissioner of Patents. 


Your case above referred to is adjudged to interfere with the ap- 
plications and patent named below, and the question of priority will 
be determined in conformity with the rules accompanying this. The 
preliminary statement, demanded by Rule 53, must be sealed up 
and filed on or before the 6th day of May, 1878, with the subject of 
the invention and name of party filing it, endorsed on the envelope. 
The subject matter involved in the interference is the hereinbefore 
described improvement in the art of transmitttng vocal sounds or 
spoken words telegraphically, which consists in throwing upon the 
line through the medium of a varying resistance electric impulses, 
corresponding to the vibrations of a diaphragm operated by the 
movements of the air produced by a spoken word. (Gray's 2d 
Claim.) 

This is substantially covered in Bell’s fourth claim, and is de- 
scribed in applications of Edison, Berliner and Richmond. 
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DEFENDANTS EXHIBITS. 


Tue Panties TO INTERFERENCE ARE 


116 
Elisha Gray, 73. Application filed Oct. 21, 1877. Attorneys 
of record, Baldwin, Hopkins & Peyton, Washington, D. C. 
72 


Z. A. Edison, 64. App'n filed Ap 27, 1877. (Case 130.) 
Attorney, L. W. Serrell, Box 4689, N. Y. City. 
86 
Emile Berliner, 12. App'n filed June 4, 77. Attorney, Jas. L. 
Norris, Washington, D. C. 
104 
B. Richmond, 58. App’n filed Aug. 24, 77. Attorney, 


Geo. W. Dyer, Washington, D. C. 
158 : 


A. G. Bell, 58. Patent No. 174,465, dated March 7, 76. 
Attorney, A. Pollok, Washington, D. C. 
H. C. Townsenn, 
Examiner. 


6. INTERFERENCE F. 
Mch. 26, 1878. 


Room No. 118. (No. 14.) (Interference.) 


INTERFERENCE F. 


DEPARTMENT OF THE INTERIOR, 
U. S. PATENT OFFICE, 
WASHIN GDR D. C., MARCH 26, wat 
116-73. 
Copy made 
March 26, 1878. 
H. C. T. 


Elisha Gray, care Baldwin, Hopkins & Peyton, Present. 

Please find below a copy of a communication from the Examiner 
concerning your application, filed Oct. 29, 1877. “Art of Trans- 
mitting Vocal Sounds Telegraphically.” (No. 1.) 
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Your case above referred is adjudged to interfere with the appli- 
cations and patent named below, and the question of priority will 
be determined in conformity with the rules accompanying this. The 

imi statement demanded by Rule 53 must be sealed up and 
filed on or before the 6th day of May, 1878, with the subject of the . 
invention and name of party filing it endorsed on the envelope. 
The subject matter involved in the interference is a telephonic 
transmitter, consisting of a coil of wire, one or more magnets, and a 
disc or diaphragm so arranged relative to each other, that a motion - 
of the diaphragm shall induce in the coil of wire and electro-motive 
force in virtue of the presence of the magnet or magnets. 

This is substantially Holcomb’s first claim, and is described and 
shown in applications of Dolbear and Gray, and patent of Bell. 


Im Pu TO THIS INTERFERENCE ARE: 


A. G. Holcombe. Application filed Jan. 28, 1878. M. G. Far- 
mer, Torpedo Station, Newport, R. I., Attorney. 

A. Z. Dolbear. App'n filed Oct. 31, 77. F. L. Pope, Eliza- 
beth, N. J.; and J. L. Norris, Washington, D. C., Associate. 

A. G. Bell. Patent No. 174,465, March 7, 76. A. Pollok, 


Washington, D. C., Attorney. 


Ex. 


Room No. 118. 


DEPARTMENT OF THE INTERIOR, 
U. S. PATENT OFFICE, 
WASHINGTON, D. C., NCH 26, 1878. 
116-73. 
Copy sent 
March 26, 1878. 
L. S. R. 


Hun Gnar, care Baldwin, Hopkins & Peyton, Present. 
Please find below a copy of a communication from the Examiner 
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concerning your app'n for patent for Art of Transmitting Vocal 
Sounds Telegraphically” (Case No. 1), filed Oct. 29, 1877. 
Very respectfully, 

Eis Sram, 


Commissioner of Patents. 


Your case above referred to is adjudged to interfere with appli- 
cations and patent named below, and the question of priority will 
be determined in conformity with the rules accompanying this. The 

statement demanded by Rule 53 must be sealed up and 
filed on or before the 6th day of May, 1878, with the subject of the 
invention and name of party filing it endorsed on the envelope. 
The subject matter involved in the interference is: The combina- 
tion in one circuit of two or more coils of wire, two or more magnets, 
and two or more discs or diaphragms so arranged relatively to each 
other, that if one of the discs or diaphragms be put in motion by 
the voice, by a current of air or otherwise, it shall induce a transient 
current of electricity in its associated coil, which current shall actuate 
the other discs or diaphragms in virtue of the coils and magnets 
associated with them. (Holcombe’s third claim.) 

This is described and shown in applications of Dolbear and 
Gray and Patent of Bell. 


Parties TO INTERFERENCE. 


A. G. Holcombe. App'n filed January 28, 1878. Moses G. Far- 
mer, Torpedo Station, Newport, R. I., Att y of Record. 

A. Z. Dolbear. App n filed Oct. 31,1877. F. L. Pope, Elizabeth, 
N. J., Att y of Record. J. L. Norrsi, Asso. Att' y, Washington, D. C. 

4. G. Bell. Patent No. 174,465, dated Mar. 7, 1876. A. Pol- 
lok, Washington, D. C., Att' y of Record. 

H. OC. Townsenn, 
Ex'r. 


“GRAYS SPEAKING TELEPHONE ART APPLICATION.” 
INTERFERENCE I. 
Room No. 118. March 26, 1878. 
116-73. (No. 14.) (Interference). 


Copy made INTERFERENCE I. . 


M’ch 28, 78. 
L. S. R. DEPARTMENT OF THE INTERIOR, 
U. S. Patent Orrice, 
Wasnmorox, M’ch 26, 1878. 


Een Gray, care Baldwin, Hopkins & Peyton, present: 
Please find below a copy of the communication from the Exami- 


ner, concerning your app'n for patent for Art of 
Vocal Sounds Telegraphically.” (No.1). Filed Oct. 29, 1877. 


Very respectfully, 
Commissioner of Patents. 


Your case, above referred to, is adjudged to interfere with appli- 
cations and patent named below, and the question of priority will 


be determined in conformity with the rules accompanying this. 
The preliminary statement, demanded by Rule 53, must be sealed 
up and filed on or before the 6th day of May, 1878, with the sub- 
ject of the invention and name of party filing it, endorsed on the en- 
velope. 

The subject matter involved in the intereference is: A tele- 
phonic transmitter, consisting of one or more helices, forming a 
portion of the main circuit and surrounding a core or cores, main- 
tained in a magnetic state by the inductive influence either of an 
electric current or of a permanent magnet, in combination with an 
elastic inductive plate or armature, which is rigidly supported at 
one or more of its edges, while the portion facing the poles of the 
magnetic core or cores is left free, so as to be capable of respond- 
ing to sonorous vibrations traversing the atmosphere or other 
bodies. 

This is substantially Dolbear's Ist claim, and is substantially 
embraced in Bell's 3d and 8th claims. It is described in applica- 
tions of Gray and Holcombe. 
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A. Z. Dolbear. App'n filed Oct. 31,1877. F. L. Pope, Eliza- 
beth, N. J., att y of record. J. L. Norris, Washington, D. C., As- 
so. Att' y. 

A. G. Holcombe. App'n filed Jan. 28, 1878. Moses G. Farmer, 
Torpedo Station, Newport, R. I., Att’y of Record. 

A. G. Bell. Patent No. 186,787, dated Jan. 30,1877. A. Pollok, 
Washington, D. C., Att’y of Record. 

: . H. C. TownseEnn, 
Er. 


Townsend. 116 


73 
No. No. 1. 
Elisha Gray, of Chicago, County of Cook, State of Illinois. 
Art of transmitting vocal sounds telegraphically, &c. 


Batpwi, Horxms & Perron, 
Present. 


‘GRAYS SPEAKING TELEPHONE ART APPLICATION. 


1877. 
ConrTENTS. 
Application, papers. 
1. Rej., Oct. 31, 1877. 
2. Letter to Office, Dec. 5, 77. 
3. 66 46 (4c 6 8, 66 
72 86 104 118 135 158 
4. Int’f. x 64, 12, 58, 1, 90, 58, Mar. 26, 1878. 
72 86 104 158 
. 5. Int f. x 64, 12, 58, 58, Mar. 26, 1878. 
135 118 158 
6. Int’f.x 90, 1, 58, Mar. 26, 1878. 
135 118 158 
7. Int f. x 90, 1, 58, Mar. 26, 1878. 
118 135 42 
8. Int'f. 4 1, 90, 26, Mar. 26, 1878. 
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(Wo. 54k.) Defendants’ Exhibit, “Gray's Liquid Trans- 
mitter Speaking Telephone Applicaticn.” 


9 
J. A. W., Sp. Exr. 
(Introduced in Record, page 12) 


DEPARTMENT OF THE INTERIOR. 


Untrrep Srares Parent OFFice. 


To all persons to whom these presents shall come, Greeting: 

This is to certify that the annexed is a true copy from the files 
of this office of the file-wrapper, contents and drawing, in the matter 
of the application of Elisha Gray, filed October 29, 1877, for appa- 
ratus for transmitting vocal sounds telegraphically. 

In testimony whereof, I, W. H. Doolittle, Acting Com- 
missioner of Patents, have caused the seal of 
the Patent Office to be hereunto affixed this 

IL. 8.] twenty-ninth day of June, in the year of our 
Lord one thousand eight hundred and seventy- 
eight, and of the Independence of the United 
States the one hundred and second. 

W. H. DooxrrriIn, 
Acting Commissioner. 


CASE Z2— APPLICATION. 


To the Commissioner of Patents: 7 

Your petitioner prays that letters patent may be granted to 
him for the invention set forth in the annexed specification. 

Also, that you will recognize Baldwin, Hopkins & Peyton, his 
duly authorized attorneys, with full power of substitution and 
revocation, to prosecute this application, to make alterations and 
amendments therein, to receive the patent, and to transact all 
business in the Patent Office connected therewith. 

ELA Gray. 


2— . 


amn ea Derr 
Fusco Ocroan S 1877 
— ‘ 
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To all whom it may concern: 


Be it known, that I, Elisha Gray, of Chicago, in the County of 
Cook, and State of Illinois, have invented certain new and useful 
improvements in apparatus for transmitting vocal sounds tele- 
graphically, of which the following is a specification. 

The object of my invention is to transmit tones of the human 
voice through a telegraphic circuit, and reproduce them at the re- 
ceiving end of the line, so that actual conversations can be carried 
on by persons at long distances apart. 

My present invention more especially relates to that portion of 
the telephonic apparatus which takes up the vibrations of the air 
caused by the utterance of vocal sounds near it, and transmitting 
them through the circuit to the receiving end of the line, and my 
purpose is to adapt said apparatus to the accurate reproduction of 
such sounds as to tone, pitch and quality, which end I attain by 
interposing in the circuit a varying resistance which adapts 
itself to all the vibrations which are required to be transmitted 
through it. 

In the accompanying drawings Fig. 1 represents a vertical 
transverse section through one form of an apparatus embodying my 
improvements. 

Fig. 2 represents a similar section through a receiving appa- 
ratus of a different construction, but which is not herein claimed, as 
it constitutes the subject matter of another application for Letters 
Patent of the United States, filed by me simultaneously herewith. 

Fig. 3 an end view of the same. 

Fig. 4 represents the transmitter and receiver shown by the pre- 
ceding figures, as arranged upon circuits. 

The transmitter is by preference composed of a box chamber or 
tube A, provided with a flaring mouth, though the latter is not es- 
sential. Across this chamber is arranged a diaphragm a of some thin 
substance, such as parchment or gold beater's skin, capable of ros- 
ponding to all the vibrations of the human voice, whether simple or 
complex. Attached to this diaphragm is a light metal rod a1, or 
other suitable conductor of electricity, which rod extends into a ves- 
sel B, of glass or other suitable insulating material, having its bot- 
tom closed by a plug, which may be of metal, or through which 
passes a conductor D, forming part of the circuit. 

The speaking tube A, and base or standard Bi, which lattersup- _ 
ports the vessel B, are held in a fixed relation to each other by a 
suitable connecting frame C, or other well known means, and the 
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conductor D, above mentioned, is mounted upon an adjusting screw 
d, by which means it may be adjusted very close to the rod, without 
actual contact. The same result, however, might be attained by 
adjustably connecting the tube A and standard B!. 

The vibrations of the diaphragm a, will thus cause the rod a1 to 
vary its relation to the conductor D, thus varying the resistance, 
and consequently the strength of the current passing through the 
circuit. 

It will be observed that the degree of variation in the strength of 
the electric current will correspond accurately with the amplitude 
and rapidity of the vibrations of the diaphragm, which vibrations in 
the annunciation of any given word are variable both as to ampli- 
tude, rate and complexity. | 
The transmitter must, of course, be mounted in a suitable frame, 
to hold it securely to prevent the waste of the resistance medium 
where liquid is employed as such medium. 

The variations in the strength in the electric circuit thus caused 
are transmitted through the circuit to the receiving station or repro- 
ducing apparatus, in which circuit is included an electro-magnet E, 
of ordinary construction, acting upon a diaphragm 7, in a vocalizing 
chamber F, the construction of which will be readily understood 
from the drawings. 

Another form of reproducing apparatus is shown in an applica- 
tion for Letters Patent of the United States, filed by me simulta- 
neously herewith. 

What I claim as my invention, and desire to claim by letters 
patent is : 
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1. The transmitter hereinbefore described, consisting of the 
combination in an electric circuit, of a diaphragm and a liquid, or 
equivalent substance of high resistance, whereby the vibrations of 
the diaphragm, caused variations in the resistance of the electric 
circuit, and consequently in the strength of the current traversing 
said circuit. 


2. The combination, substantially as hereinbefore set forth, 
in an electric circuit of a diaphragm, rese(r)voir containing liquid 
forming part of the circuit, a rod attached to the diaphragm and 


a 
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projecting into the liquid, and an adjustable connection, whereby 
the paper relation between the parts of the circuit is maintained. 
In testimony whereof, I have hereunto subscribed my 


name 
Hmm Gray. 
Witnesses : 
Wu J. PEyron, 
Wx. D. Batpwim. 


Drrricr oF COLUMBIA, l 
City of Washington, 3 
Emm Gray, the above-named petitioner, being duly sworn, 

deposes and says that he verily believes himself to be the original 

and first inventor of the Improvements in Apparatus for Transmitt- 
ing Vocal Sounds Telegraphically, described in the foregoing speci- 
fication ; that he does not know and does not believe that the same 
was ever before known or used, and that he is a citizen of the 


United States. 
Humm Gray. 


Sworn to and subscribed before 
me this 20th day of October, 


1877. 
IU. 8.] Wu. J Perron, 


ATENT 
“ TRANSMITTER” (Case Y. 
In the matter of the application of Elisha Gray, for Letters Patent 


for Apparatus for Transmitting Vocal Sounds Telegraphically, - 
filed October 29, 1877. 


We request that a model may be temporarily dispensed with in 


Wasuinerton,, D. O., Oct. 29, 1877. 
U. S. P Orrice. 
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projecting into the liquid, and an adjustable connection, whereby 
the paper relation between the parts of the circuit is maintained. 
In testimony whereof, I have hereunto subscribed my 


name. 
Ani Gray. 
Witnesses : 
Wu. J. Prrron, 
Wx. D. Bum. 


Disrricr oF CoLuMBIA, 

City of Washington, oa. 

Hmm Gray, the above-named petitioner, being duly sworn, 
deposes and says that he verily believes himself to be the original 
and first inventor of the Improvements in Apparatus for Transmitt- 
ing Vocal Sounds Telegraphically, described in the foregoing speci- 
fication ; that he does not know and does not believe that the same 
was ever before known or used, and that he is a citizen of the 
United States. 

Hin Gray. 


Sworn to and subscribed before 
me this 20th day of October, 
1877. 
(x. 8.] Wma. J Purron, 


Wasummeron, D. C., Oct. 29, 1877. 
U. S. Parr Orrice. 


“ TRANSMITTER” (Case 2). 
In the matter of the application of Elisha Gray, for Letters Patent 
for Apparatus for Transmitting Vocal Sounds Telegraphically, 
filed October 29, 1877. 


We request that a model may be temporarily dispensed with in 
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the application above mentioned, and that the case be forwarded 
to the examiner for his action. 
The model will be filed in a few days. 
J. 
Balnoeom, Horns & Peyton, 
Attorneys for E. Gray. 


To the Commissioner of Patents: 


Model can be dispensed with for examination. 
J. H. McDonatp, 
Assistant in Ch 'g. 


Room No. 118. 
116-72. { 


Copy sent } 
Oct. 31, 1877. 
DEPARTMENT OF THE 4 10. 


8 0 Err W 
Keene name 


ro 


D. S. Parent Orrice, 
Wasuineton, D. C., Oct. 31, 1877. 


(Case 2.) 
An Gray, care Baldwin, Hopkins & Peyton, Present. 
TELEPHONE OR SPEAKING TELEGRAPH. ; 


Filed Oct. 29, 1877. 

The Ist claim of this application is substantially met in Patent $ 

| of A. G. Bell, Mar. 7, 1876, No. 174,465. (Elec. Telephonic | 
Telp's.) 


The first claim is accordingly refused. 
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2. LETTER TO OFFICE. 
Dec. 4, 1877. 
U. S. Patent Orrice. 


In the matter of application of Elisha Gray, for Patent Apparatus 
for transmitting vocal sounds telegraphically. Filed Oct. 29, 
1877. 


Wasuineton, D. C., Dec. 4, 1877. 
To the Commissioner of Patents : 
Sm—Herewith we file model to complete the above entitled 
application. 


Resp., 
. Batpwin, Horns & Perron, 


In the matter of the application of Elisha Gray, for Letters Patent 
for Improvement in Telephonic or Speaking Telegraph. 
(Case 2). Filed October 29, 1877. 7 


Wasuineron, D. C., Dec. 8, 1877. 
To the Commissioner of Patents : 

Sm—tThe prompt declaration of an interference with the refer- 
ence cited in the official letter of October 31, 1877, is requested, 
said patent being granted in derogation of Gray's caveat of even 
date with the application upon which it was granted. 


J. 
Buren, Horns & Perron. 
Attorneys for E. Gray. 
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the application above mentioned, and that the case be forwarded 
to the examiner for his action. 
The model will be filed in a few days. 
J. 
Batpwin, Horams & Peyton, 
Attorneys for E. Gray. 


To the Commissioner of Patents: 


Model can be dispensed with for examination. 
J. H. McDonatp, 
Assistant in Ch'g. 


D. 8. Parent Orrice, 
Wasuinaton, D. C., Oct. 31, 1877. 
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Telp’s.) 

The first claim is accordingly refused. 
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2. LETTER TO OFFICE. 
Dec. 4, 1877. 
U. S. Parent Orrice. 


In the matter of application of Elisha Gray, for Patent Apparatus 
for transmitting vocal sounds telegraphically. Filed Oct. 29, 
1877. 
| Wasuineton, D. C., Dec. 4, 1877. 
Sm—Herewith we file model to complete the above entitled 


application. 


Resp., 
Batpwin, Horns & Perron, 


U. S. Patent OFrice. 


In the matter of the application of Elisha Gray, for Letters Patent 
for Improvement in Telephonic or Speaking Telegraph. 
(Case 2). Filed October 29, 1877. . 

Wasnineron, D. C., Dec. 8, 1877. 

To the Commissioner of Patents : 

Sm—tThe prompt declaration of an interference with the refer- 
ence cited in the official letter of October 31, 1877, is requested, 
said patent being granted in derogation of Gray's caveat of even 
date with the application upon which it was granted. 


J. 
Batpwin, Horns & Peyton. 
Attorneys for E. Gray. 


March 26, 1878. 


Room No. 118 (No. 14). 


116-72 (No. 2). 

Copy sent 

Mch. 26, 1878. 
L. S. R. 


U. S. Parent Orrice, 
Wasnmorox, D. C., Mar. 26, 1878. 


ExisHa Gray, care Baldwin, Hopkins & Peyton, Present: 
Please find below a copy of a communication from the Examiner 
concerning your appln. filed Dec. 4, 77 (No. 2). 
Very respectfully, 
Em Spear, 
Commissioner of Patents. 


DEPARTMENT OF THE INTERIOR, 


Your case above referred to is adjudged to interfere with the pat- 
ent and applications named below, and the question of priority will 
be determined in conformity with the rules accompanying this. The 
preliminary statement demanded by Rule 53, must be sealed up and 
filed on or before the 6th day of May, 1878, with the subject of the 
invention and name of party filing it endorsed on the envelope. 
The subject matter involved in the interterence is : 

1st. The transmitter consisting of the combination in an electric 
circuit of a diaphragm and a liquid or equivalent substance of high 
resistance, whereby the vibrations of the diaphragm cause variations 
in the resistance .of the electric circuit, and consequently in the 
strength of current traversing said circuit (Gray's 1st claim). 
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This is described in applications of Richmond and Edison and 
patent of Bell. 

2d. In a telegraph instrument operated by sound, the combina- 
tion with the diaphragm of two or more electrodes placed in elec- 
trolytic liquid, and operating to increase and decrease the resistance 
of the electric-circuit by the movement derived from the diaphragm 
(Edison’s Ist claim). 

This is described in the applications of Richmond and Gray, and 
is substantially suggested in Bell's patent. 

The parties to this interference are: G. B. Richmond, applica- 
tion filed August 24, 1877; G. W. Dyer, attorney, Washington, D. 
C.; T. A. Edison, application filed September 5, 1877 (Case 144); L. 
W. Serrell, box 4,689, N. Y. City, attorney; A. G. Bell, Patent No. 
174,465, March 7, 1876, A. Pollok, Washington, D. C., attorney. 

H. C. TownsEenn, 


Room No. 118. 
116-72 

Copy March 26, 1878. 
P. W. P. 


U. S. Parr Orrice, 


DEPARTMENT OF THE INTERIOR, 
Wasuinaton, D. C., Marcu 26, 1878. 


INTERFERENCE D. 
Emm Gray, care Baldwin, Hopkins & Peyton, present: 
Please find below a copy of a communication from the Examiner 


concerning your appl’n for patent for Apparatus for 
Vocal Sounds Telegraphically ” (Case No. 2) filed Dec. 4, 1877. 


Very respectfully, 
Eis Spear, 
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Your case above referred to is adjudged to interfere with appli- 
cations named below, and the question of priority will be deter- 
mined in conformity with the rules accompanying this. The pre- 
liminary statement demanded by Rule 53 must be sealed up and 
filed on or before the 6th day of May, 1878, with the subject of the 
invention and name of party filing it indorsed on the envelope. The 
subject matter involved in the interference is: 

“In an electro-hydro telephone the fluid-holding vertically ad- 
justable tube within which the ends of the platinum points are im- 
mersed, as set forth substantially in Richmond’s 3d claim, described 
and shown in Edison’s application and described in Gray. 


Parties To INTERFERENCE. 


George B. Richmond. Application filed August 24, 1877. George 
W. Dyer, Washington, D. C., Attorney of Record. 
T. A. Edison. Application filed September 5,1877. (Case 144.) 
L. W. Serrell, Box 4689, N. Y. City, Attorney of Record. 
, H. C. Townsenn, 
Examiner. 


1877. 


Div. 16. Townsend. 116 


6 72 

No. (No. 2.) 

Elisha Gray, of Chicago, County of Cook, State of Illinois, 
Apparatus for Transmitting Vocal Sounds Telegraphically. 


Add l Fee Cert. 
ce ce Cash. 
2 Examined, 


Application 


1. Rej., Oct. Sst, 1877. 
2. Letter to Office, Dec. 4, 1877. 


3. 66 60 
104 107 

4. Intf. x 58, 15, 
104 107 

5. Intf. x 58, 15, 

6 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 


8, 
158 
58, Mar. 26, 1878. 


Mar. 26, 1878. 
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(No. 54m) Defendants’ Exhibit, “Gray's Concave 
Diaphragm Receiver Speaking Telephone Ap- 
plication.” 

J. A. W., Sp. Ex'r. 


(Introduced in Record, page 12.) 


DEPARTMENT OF THE INTERIOR. 
Untrep States Patent OFFICE. 


To all persons to whom these presents shall come, greeting: 


This is to certify that the annexed is a true copy from the files 
of this office of the file-wrapper, contents and drawing, in the matter 
of the application of Elisha Gray, filed October 29th, 1877, for Elec- 
tric Telephony. 

In testimony whereof, I, Ellis Spear, Commissioner of 
of Patents, have caused thé seal of the Patent Office 
to be hereunto affixed this twenty-first day of Au- 
gust, in the year of our Lord one thousand eight 
hundred and seventy-eight, and of the Independ- 
ence of the United States the one hundred and 


third. 
ELLs SPEAR, 


CASE 3.—APPLICATION. 


To the Commissioner of Patents : 

Your petitioner prays that Letters Patent may be granted to him 
for the invention set forth in the annexed specification. 

Also that you will recognize Baldwin, Hopkins & Peyton, of 
Washington City, D. C., as his duly authorized attorneys, with full 
power of substitution and revocation, to prosecute this applica- 
tion, to make alterations and amendments therein, to receive the 
patent, and to transact all business in the Patent Office connected 
therewith. 

EvisHa Gray. 
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To ali whom it may concern: 

Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook, and State of Illinois, have invented certain new and useful 
improvements in electric telephony, of which the following is a 
specification. 

Letters Patent of the United States, granted to me on the 27th 
day of July, 1875, and respectively numbered 166,095 and 166,096, 
show a method of and apparatus for producing musical tones by 
the action of a series of vibrating electrotomes, whereby several 
musical notes simultaneously can be transmitted over a single 
electric circuit through a common receiver ; and in an application 
for Letters Patent of the United States, filed by me February 
23, 1875, I have shown and described an apparatus for analyzing 
tones thus transmitted at the receiving end of the line, there being 
a corresponding receiver for each transmitter. 

The object of my present invention is to provide an apparatus 
capable of accurately reproducing in an electric circuit not only the 
different tones, but the pitch and quality of sounds, whether pro- 
duced by mechanism or the vocal organs; to which ends my im- 
provement consists, in interposing in an electric circuit an apparatus 
consisting essentially of a diaphragm arranged in close proximity 
to a magnet, so that the diaphragm is rendered sensitive to all 
electric impulses or vibrations transmitted through the circuit. 

In the accompanying drawings. 

Figure 1 represents a vertical central section through one form 
of my improved reproducing apparatus ; 

Figure 2 represents an arrangement of the apparatus upon circuit, 
showing a method of transmitting musicial tones produced by vibrat- 
ing reeds or tuning-forks ; 

Figure 3 shows a duplicate arrangement of the reproducing ap- 
paratus in the circuit. In this figure either apparatus is capable of 
reproducing sounds transmitted from the other. 

In this instance the reproducing apparatus is represented as con- 
sisting of a trumpet-mouth or basin shaped vessel, A, the bottom of 
which constitutes a diaphragm of thin sheet-metal, preferably of 
iron or steel. The vessel is secured by means of screws, or other 
well-known ways, upon a standard B, mounted upon a base or frame 
C, and electrically connected in well-known ways with the usual 
binding-posts, c', s. A post, D, also mounted upon this frame, 

supports a magnet E, the poles of which approximate closely the 
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a corresponding receiver for each transmitter. 

The object of my present invention is to provide an apparatus 
capable of accurately reproducing in an electric circuit not only the 
different tones, but the pitch and quality of sounds, whether pro- 
duced by mechanism or the vocal organs; to which ends my im- 
provement consists, in interposing in an electric circuit an apparatus 
consisting essentially of a diaphragm arranged in close proximity 
to a magnet, so that the diaphragm is rendered sensitive to all 
electric impulses or vibrations transmitted through the circuit. 

In the accompanying drawings. 

Figure 1 represents a vertical central section through one form 
of my improved reproducing apparatus ; 

Figure 2 represents an arrangement of the apparatus upon circuit, 
showing a method of transmitting musicial tones produced by vibrat- 
ing reeds or tuning-forks ; 

Figure 3 shows a duplicate arrangement of the reproducing ap- 
paratus in the circuit. In this figure either apparatus is capable of 
reproducing sounds transmitted from the other. 

In this instance the reproducing apparatus is represented as con- 
sisting of a trumpet-mouth or basin shaped vessel, A, the bottom of 
which constitutes a diaphragm of thin sheet-metal, preferably of 
iron or steel. The vessel is secured by means of screws, or other 
well-known ways, upon a standard B, mounted upon a base or frame 
C, and electrically connected in well-known ways with the usual 
binding-posts, c', s. A post, D, also mounted upon this frame, 

supports a magnet E, the poles of which approximate closely the 
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diaphragm a of the vessel A. The relation of the poles of the mag- 
net to the diaphragm is controlled by means of a set screw, d, con- 
necting the posts B and D, or in other well-known ways. 

In this instance the magnet is shown as arranged on the inner 
side of the reproducing vessel A, but it will be equally effective 
when arranged on the opposite side. 

The proper proportion, form and mounting of this plate, disc or 
diaphragm are important conditions, which must be taken into con- 
sideration in order to obtain the best results. 

The plate or membrane should be thin—preferably circular— 
equal in length and breadth, and should be rigidly supported at its 
edges in a proper frame, while the central portion, being elastic, is 
left free to take up and respond to sonorous vibrations of every 
character. 

All solid bodies tend to vibrate at a certain definite rate, called the 
“fandimental,” and when shaped with reference to the development 
of this characteristic to the greatest extent, itis difficult to excite 
vibration having any degree of amplitude other than the funda- 
mental rate belonging to them respectively. A tuning-fork is an ex- 
ample of a body whose form is calculated to develop this quality in 
a high degree. On the other hand, the more nearly a body assumes 
the form of a plate, preferably circular, made thin and supported 
not at one side alone but all around its edges, the more it loses its 
special fundamental character and becomes capable of vibrating at 
one rate as readily as another. 

The arrangement of the apparatus upon circuitis shown in figures 
2 and 3, andis readily understood by reference thereto. 

In Figure 2, M B represents the main battery, and T, a trans- 
mitting apparatus similar to that shown in Letters Patent No. 179,- 
549, granted to me July 4, 1876, and shows a series of vibrating 
reeds, each transmitting a musical tone of different pitch, which may 
be thrown into operation simultaneously or successively by depres- 
sing the corresponding keys or levers, all the tones thus produced 
being transmitted over the line and reproduced by the receiving ap- 
paratus thus described. 

Figure 3 shows the receiver and transmitter both alike. 

With an apparatus thus constructed vocal sounds or articulate 
words spoken in one instrument will be accurately reproduced in the 
other, both as to pitch and quality, as well as tone; but I do not 
broadly claim in this application the transmission of vocal sounds 

telegraphically, as that forms the subject matter of another applica- 
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tion for Letters Patent of the United States, filed by me simulta- 
neously herewith. 

It will be obvious to a skilfall electrician that the details of con- 
struction of the reproducing apparatus could be greatly varied with- 
out departing from the spirit of my invention, as long as it embodies 
the arrangement of a diaphragm vibrating in close proximity to but 
not in contact with a magnet. 

What I claim as my invention and desire to secure by letters- 
patent is— 

The combination, substantially as hereinbefore set forth, in an 
electric circuit, of a magnet and a diaphragm supported and ar- 
ranged in close proximity thereto, whereby sounds thrown upon the 
line may be reproduced accurately as to tone, pitch and quality. 

In testimony whereof, I have hereunto subscribed my 


Ann Gray. 


Orr oF WASHINGTON, } „: 
District of Columbia. : 

ELmna Gray, the above named petitioner, being duly sworn, de- 
poses and says that he verily believes himself to be the original and 
first inventor of the Improvement in Electric Telephony, described in 
the foregoing specification ; that he does not know and does not be- 
lieve that the same was ever before known or used, and that he is a 
citizen of the United States. 

Hmm Gray. 


me this 20th day of October 


Sworn to and subscribed sober, 
1877. 


Wu. J. PEYTon, 
I. 8.] Notary Public. 
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Patent Office, 
Oct. 29, 1877. : 


Wasuninaton, D. C., Oct. 29, 1877. 
U. S. Parent OFrice. 


_ “REpropucer.” (Case 3). 


In the matter of the application of Elisha Gray for letters patent for 
improvement in Electric Telephony, filed October 29, 1877. 


We request that a model may temporarily be dispensed with in 
the application above mentioned, and that the case be forwarded to 
the Examiner for his action. 

The model will be filed in a few days. 


Respectfully, 
BaLpwin, Horns & Perron, 


Attorneys for E. Gray. 


Zo the Commissioner of Patents : 
Model can be dispensed with for examination. 
J. H. McDonaxp, 
Assistant in Ch'g. 
Appd., : 
W. H. Dooxrrrrx, A. C. 
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Patent Office, : 
: Oct. 29, 1877. 


Room No. 118. 
ee 
Wasninaton, D. C., Oct. 31, 1877. 
Copy sent Oct. 31, 1877. 
E Ln Gray, care Baldwin, Hopkins & Peyton, present: 

Electric telephony. Filed Oct. 29, 1877. 

The peculiarities of “ magnet” F and its operation in connec- 
tion with the diaphragm are not set forth with sufficient fullness. 
Said magnet is not described or shown as being in any manner dif- 
ferent from the ordinary electro-magnet having soft iron core and 
surrounding coils. 

The application, however, appears to be fully met in patent of 
A. G. Bell, January 30, 1877, No. 186,787 (Elec. Telephonic Tel’hs.) 


The application is accordingly refused. 
i 15 . H. C. TownsEnn, 
Examiner. 
2. LETTER TO OFFICE. 
Dec. 4, 1877. 
U. 8..Parenr OFFIce. 
In the matter of the application of Elisha Gray for patent for elec- 
tric telephony, filed Oct. 29, 1877. 
Wasuineton, D. C., Dec. 4, 1877. 
To the Commissioner of Patents: 
Sm—Herewith we file a model to complete the above-entitled 
licati 


Bunum, Horns & Peyton, 
Attorneys for E. Gray. 
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In the matter of the application of Elisha Gray for letters patent 
for Electric Telephony, filed October 29, 1877. (Case 3.) 


Wasuinetor, D. C., Dec. 8, 1877. 
To the Commissioner of Fatents : 

Sm—We have the official Letter of October 31, 1877. An inter- 
ference is requested with the reference cited, which patent was 
allowed and issued in direct violation of Gray's caveat, filed eleven 
months previously and in full force and effect when said patent was 
granted ; and as the attention of the office had been specially called 
to this caveat at the time of the filing of the application for Bell’s 
patent of March 7, 1876, we are ata loss to understand how it could 
have been so completely ignored by the office. By such action great 
injustice has been done to our client and his interests materially 
affected. . 

It being unnecessary for the purposes of this application that the 
construction and operation of the magnet with reference to the dia- 
phragm should differ from its heretofore well known operation in con- 
nection with other forms of armature, it was deemed unnecessary to 
describe its operation more fully, as it is well known to all skillful 
electricians, but such explanation will be furnished if required. 

The error of the office appears to have arisen from the assump- 
tion that an electro-magnet with a soft iron core would not act in- 
ductively. 

The misapprehension may have been caused by over-looking the 
fact that Gray uses a battery and a closed circuit, consequently the 
magnet is permanently charged. 


J. 
Batpwin, Hor ans & Perron, 


Attorneys for E. Gray. 


Copied March 18, 1878. 
Room No. 118. Case No. 3. 


116-71 DEPARTMENT OF THE INTERIOR, 
Unrrep Srares Parr ; 
Wasnineton, D. C., March 18, 1878. 


Elm Gray, care Baldwin, Hopkins & Peyton, Present. 


Electric Telephony. Filed October 29, 1871. 

On further consideration of this case with a view to the declara- 
tion of an interference involving patent of Bell and other pending 
applications, it appears that by inadvertence the patent of Bell, No. 
186, 787, was cited in official letter of October 31, 1877, as an 
anticipation, when, in fact, the claim as drawn should have been re- 
jected on reference to patent of Bell, No. 174, 465. It is true that 
applicant describes the diaphragm explicitly as a metal” diaphragm 
but he also incidentally speaks of a “ plate or membrane,” so that 
by implication the diaphragm might possibly be said to be either of 
metal or some membraneous material with an armature attached, 
although such a construction is nowhere specifically described or 
shown. 

In an application filed subsequently to the present it is explicitly 
stated that the diaphragm has an armature attached or that the 
diaphragm may itself be metallic and constitute the armature, and 
based on this description is a claim in SS i 
cant’s, which claim, viewed in the light of the 
necessarily rejected on the patent of Bell, No. 174,465. If the claim 
in the present application is to be construed so broadly as to in- 
clude a membraneous diaphragm, it should obviously be also rejected 
upon Bell’s patent No. 174,465; but if it is the intention to limit 
the application toa “metallic diaphragm,” such limitation should be 
expressed in the claim by the use of the word metallic, and refer- 
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ence in the specification either specifically or impliedly to a “ men- 
braneous” diaphragm should be omitted. 
As the matter now stands, the office is in doubt as to the exact 


scope of the specification and claim. 
H. C. Town, Er. 


5. LETTER TO OFFICE. 
Mar. 20, 1878. 
Untrep Srares Patent OFFice. 


In the matter of the application of Elisha Gray for Electric Teleph- 
ony, filed October 29, 1877. 


Wasuineton, D. C., March 20, 1878. 


To the Commissioner of Patents : 

Sm—Referring to the official letter of the 18th int, we request 
that Bell’s patent No. 174,465, may be included in the Interference 
if there is anything in said patent relative to a Talking Telephone, 
as it is our client's intention to contest the matter in its broadest 
scope. 


J. 
1 Horns & Peyton, 
Attys for. E. Gray. 


Room No. 118. 


WY 
(No. 3.) 


Copy sent INTERIOR, 
Mar. 26, 1878. Unrrep Srares Patent Ornos, 


L. S. R Wasnmoron, D. C., March 26, 1878. 


ExisHa Gray, care Baldwin, Hopkins & Peyton, Present: 
Please find below a copy of a communication from the Examiner 
concerning your application, filed Dec. 4, "77—Electric Telephony. 
Very respectfully, 
Ex. SpEar, 


Commissioner of Patents. 


Your case above referred to is adjudged to interfere with the 
applications and patent named below, and the question of priority 
will be determined in conformity with the rules accompanying this. 
The preliminary statement demanded by Rule 53 must be sealed up 
and filed on or before the 6th day of May, 1878, with the subject of 
the invention and name of party filing it endorsed on the envelope. 
The subject matter involved in the interference is in an acoustic 
telegraph, an armature plate, the electro-magnet for the same, and 
a closed circuit passing from the helix of such electro-magnet to the 
source of indulatory electric energy. y ia 
This is the subject-matter of Edison's 3d claim, and is substan- \ * 
tially described in the other applications and the patent involved. . 
The parties to this interference are: 
Z. A. Edison, app'n filed Dec. 13, 77 (Case 145), L. W. Serrell, 
Box 4689, N. Y. City, Attorney. 
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A. Z. Dolbear, app'n filed Oct. 31, 77, F. L. Pope, Elizabeth, N. 
J., Att’y of Record; Jas. L. Norris, of Washington, D. C., associate. 

4. 9. Holcombe, app'n filed Jan. 28, 78, L. G. Farmer, Torpedo 
Station, Newport, R. I., Att y. 

4. G. Bell, patent No. 174,465, March 7, 76, A. Pollok, Wash- 


ington, D. C., Att’y. 
Geo. B. Richmond, app'n filed Aug. 24, 77, G. W. Dyer, Wash- 


ington, D. C., Att y. 
H. C. Townsend, Err. 


7. INTERFERENCE G. 
M’ch 26, 1878. 
Room No. 118. (No. 14.) 
116-71 INTERFERENCE G. 


sent 
ch 26. 
N 


UntrTep Srates Patent O 
Wasuineton, D. C., M’ch 26, 1878. 


Emm Gray, care Baldwin, Hopkins & Peyton, Present. 


Please find below a copy of a communication from the Exam- 
iner concerning your app'n for patent for “Electric Telephony,” 
filed Dec. 4, 1877 (Case No. 3). 

Very respectfully, 


Interference G. ELLs SPEAR, 
Commissioner of Patents. 


DEPARTMENT OF THE INTERIOR, 


Your case above referred to is adjudged to interfere with appli- 
cations and patent named below, and the question of priority will 
be determined in conformity with the rules accompanying this. The 
preliminary statement demanded by rule 53 must be sealed up and 
filed on or before the 6th day of May, 1878, with the subject of the 
invention and name of party filing it endorsed on the envelope. 
The subject matter involved in the interference is “A telephonic 
receiver consisting of the combination in an electric circuit of a 
magnet and a diaphragm supported and arranged in close proximity 
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thereto, whereby sounds thrown upon the line may be reproduced 
accurately as to pitch and quality (substantially Gray's claim). 

This is substantially covered by Holcombe’s 2d claim and is 
described or shown in the applications of Richmond Dolbear, Edi- 
son, and McDonough, and in patent of Bell. 


Parties to Interference. 


Elisha Gray, app’n filed Dec. 4, 1877 (No. 3), Baldwin, Hopkins 
& Peyton, Washington, D. C., Att ys of Record. 

Geo. B. Richmond, app'n filed Aug. 24, 1877, G. W. Dyer, Wash- 
3 C., Att'y of Record. 

A. E. Dolbear, app'n filed Oct. 31, 1877, F. n 

N. J., Att’y of Record, J. L. Norris, Washington, D. C., Asso. 
Att'y. 

T. A. Edison, app’n filed Dec. 24, 1877 (No. 148), L. W. Serrell, 
Box 4689, New York City, Att’y of Record. 3 

A. &. Holcombe, app'n filed Jan’y 28, 1878, Moses G. Farmer, 
Torpedo Station, Newport, R. I., Att’y of Record. 

James . McDonough, app'n filed April 10, 1876, Gridley, Sher- 
burne, Chicago, III., Att ys of Record. 

A. G. Bell, Patent No. 174,465, dated March 7, 1876, A. Pol- 


lock, Washington, D. C., Att’y of Record. 
H. OC. Tomi, Lr. 


8. INTERFERENCE J. 


Mar. 26th, 1878. a 
Room No. 118. (No. 14.) (Interference.) 
n (No. 3.) 3 
Oy — * — 


Untrep Sratzs Patent Orrice, 
Wasuineton, D. C. March 26, 1878. 


Em Gray, care Baldwin, Hopkins & Peyton, Present. 
Please find below a copy of a communication from the Examiner 
concerning your — filed Dec. 4, 7 Hlectrio Telephony. 
8 — Srzan, 


Commissioner of Patents. 


DEPARTMENT OR THE InrERIOR, 


i” * 1 a fy melt baer re] 1 sah Wi war 4 f 1 7. . 
aes e eee hae AE J Vin 
* * i ‘ 1 7 7 5 * 22 he * " * 7 4 * 5 * N i i ath . 1 5 * ’ . * omy J 


tie ee 


rr 
5 n 0 a * 8 5 4 * * * * 
* n inn 8 rs (ade i a) Wu We 
1 
1 


DEFENDANTS EXHIBITS. 


Your case above referred to is adjudged to interfere with the 
applications and patents named below, and the question of priority 
will be determined in conformity with the rules accompanying this. 
The preliminary statement demanded by rule 53 must be sealed up 
and filed on or before the 6th day of May, 1878, with the subject 
of the invention and name of party filing endorsed on the envelope. 
The subject-matter involved in the interference is: The combination 
with an electro-magnet of an iron or steel diaphragm secured to a 
resonant case for rendering audible acoustic vibrations. (Edison’s 
Ist Claim.) This is substantially embraced in Bells 3d and Dol- 
bear’s 3d claims, and described in app’ns of the remaining parties. 

T. A. Edison, app'n filed Dec. 24, 77 (Case 14)8, L. W. Serrell, 
Box 4689, N. T. City, Attorney. 

G. B. Richmond, app'n filed Aug. 24, 77, G. W. Dyer, Washing 
ton, D. C., Att y. 

A. Z. Dolbear, app'n filed Oct. 31, 1877, F. L. Pope, Elizabeth, 
N. J., Att y, and J. L. Norris, Washington, D. C., associate. 

A. G. Holcombe, app'n filed Jan. 28, 78, M. G. — Sapeee 
Station, Newport, R. I., Att' y. 

A. G. Bell, Patent No. 186,787, Jan. 30, 77, A. Pollok, Wash- 
ington, D. C., Att’y. 
H. C. Town, Err. 


1877. 
Div. 16. Townsend, 116 


5 

No. No. 3. 
Elisha Gray, of Chicago, County of Cook, State of IIlinois. 

Electric Telephony. 


2 
: 
; 
: 


N 198 ., Mar. 26, 1878. 
142 . Mar. 26, 1878. 


| to office, Mar. 20, 1878. 
E“ 6. Int'l. x % 138 194 185 , Mar. 26, 78. 


G. 7. Int f. x K 148 
J. 8. Int f. x iff 194 


3. Letter to office, Dec. 8, 1877. 
4. Letter, ——, Mar. 18, 1878. 


5. 


— 
1. Rej., Oct. 31, 1877. 
2. Letter to office, Dec. 4, 77. 


A 


inclusive, and p. 773, of Dowd Record, Part II. 


J. A. W., Sp. Exr. 


[Introduced in Record, p. 12] 
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DEFENDANT’S EXHIBIT, GRAY’S TWO-OCTAVE 
TRANSMITTER. | 
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DEFENDANT'S EXHIBIT, DIAPHRAGM BOX MAGNET 
RECEIVER. 
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(Mo. S4q.) Defendants’ Exhibit “Gray's Two-Tone 
Transmitter.” 


“ This instrument is shown in various views in the drawings of 
“ Defendants’ Exhibit Johnson Patent, Gray's Magnetic Re- 
* ceiver.” 
(Introduced by defendants in Record, p. 12, from Dowd Record, p.775.) 
J. A. W., Sp. Nr. 


(We. Fer.) Defendants’ Exhibit “Tin-Plate Re- 
| eciver.” 


“This is an ordinary tin plate about nine inches in diameter, 
“ having a screw-cup attachment.” 


(Introduced by defendants in Record, p. 12, from Dowd Record, p. 775.) 
J. A. W., Sp. Err. 


(oe. 54s.) Defendants’ Exhibit “ Gray's — 
Bez Magnet Recsiver.” 


“ This is a hollow circular tin box with holes in the top, and is 
“ about three and one-half inches in diameter and one inch in height. 
It is shown, resting on the poles of an electro-magnet, on sheet 1 
“ of the drawings of Defendants’ Exhibit Gray Magnet Receiver 
Patent. 


(Introduced by defendants in Record, p. 12, from Dowd Record, p.775.) 
J. A. W., Sp. Err. 


(Wo. 55.) Defendants’ Exhibit, McDonough Evidence. 
J. A. W., Sp. Ex r. 


[Introduced in Record, page 12.] 


May 14, 1884. 


JAMES W. MoDONOUGH, OF CHICAGO, ILLINOIS. 
PENDING APPLICATION Fun Apri 10, 1876. TELELOGE.” 


To all whom it may concern : 


Be it known that I, James W. McDonoveu, of the City of Chi- 
cago, in the County of Cook and State of Illinois, have invented a 
new and useful teleloge, and I do hereby declare the following to 
be a full, clear and exact description thereof, which will enable 
others, skilled in the art to which my, invention appertains, to make 
and use the same, reference being had to the accompanying draw- 
ings forming part of this specification, in which 

Fig. 1 represents a perspective view of a teleloge, embodying 
my said invention. 

Fig. 2 represents a sectional plan of the same, taking on line z æ, 
drawn across Fig. 1. 

Fig. 3 represents a vertical transverse section of the teleloge 
taken on line y y, and 

Fig. 4 represents a general plan or top view of the same. 

Like letters of reference indicate like parts. 

‘The object of my invention is to provide a means for transmit- 
ting articulate sounds from one place to another through the me- 
dium of electricity, and it consists in the combination with an elec- 
trical battery circuit wires, armature, magnet and circuit-breaker, of 
a transmitting and a receiving membrane or sounding apparatus, 
so constructed as to vibrate in accord with the vibrations of articu- 
late sound, and so arranged relative to the magnet and circuit- 
breaker that the vibrations of the transmitting membrane or ap- 
paratus produced by articulate sounds, are transmitted by the 
electrical current to the receiving membrane or apparatus, and so as 
to cause a like vibration of the receiving membrane or apparatus, 
and it to reproduce the articulate sounds transmitted from and 
by the transmitting membrane or apparatus. My invention also con- 


— — 
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sists in the novel construction of the circuit-breaker, as is herein- 
after more fully described. 

In the drawing A represents the transmitting membrane or ap- 
paratus, composed of vellum, or any suitable material that is sensi- 
tive to the vibrations of sound, which is stretched upon a metal hoop 
or band a, permanently attached to the bed A’, and is so arranged 
upon the hoop or band as to admit of being tightened or looosened at 
will. C O are metal plates attached to the upper surface of the 
membrane A, at its center, and are insulated from each other. D is 
a metal bolt permanently attached at its lower end to said mem- 
brane A, centrally between the plates C C, and is insulated from 
them. D' is the circuit-breaker, which consists of an arched shaped 
piece of metal loosely secured at its center upon the bolt D, and is 
bent upward at each end, and from the membrane A, as shown in 
Fig. 3, so as to form depending V-shaped points adapted to rest up- 
on the respective plates CG C. The circuit-breaker D’ is so fitted 
upon the bolt D as to admit of a free and easy ascending and de- 
scending movement, the limit of its ascending movement being de- 
termined by its contact with the nut E on the bolt, and the descend- 
ing movement being limited by its contact with the plates CC. F 
is the receiving or sounding membrane, which is also composed of 
vellum or any suitable material that is sensitive to the vibration of 
sound, and is stretched upon a metal hook or band a’, secured to 
the side frame G, of the receiving or sounding apparatus, as shown 
in Fig. 1, and is so adjusted as to admit of being loosened or tight- 
ened as may be required. 

G is the magnet surrounded by a helix of insulated wire, and 
connected to the instrument immediately in front of the membrane 
F; and at a point near its centre. H is the armature plate perma- 
nently attached to the membrane F, between it and the magnet, as 
shown in Fig. 1. 

To each of the plates C C, is connected a wire J, one of which is 
connected with the battery K, and the other with the ground wire 
L. To each of the poles of the magnet is connected a wire M, one 
of which is connected with the battery K, and the other with the 
ground wire, as shown in Fig. 1. 

The operation of my said teleloge is as follows: The transmit- 
ting membrane A, being sensitive to the vibrations of articulate 
sounds produced thereon, is caused to vibrate in sympathy there- 
with, thereby imparting an upward movement to the circuit-breaker 
at each vibration, and disconnecting it from the plates C C, and al- 
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ternately breaking and closing the circuit, when the intermittent 
current alternately magnetizes and demagnetizes the magnet G', at- 
tracting the armature H, and causes it and the membrane F to vi- 
brate simultaneously with the vibrations of the transmitting mem- 
brane A, and in a<cord therewith, and so that the said membrane F 
reproduces the articulate sounds transmitted from and by the mem- 
brane A. 

I do not limit myself to the construction and arrangement of the 
circuit-breaker D’, as shown and described, as other means may be 
employed, as for example, only one of the plates Cmay be attached 
to the membrane, and the other made either in the form of a plate 
or needle and attached direct to the connecting wire, and adjusted 
to rest upon the plate so as to break the connection by the vibra- 
tions of the membrane which will accomplish the same result. It 
will be observed that each end of the circuit-breaker D’ is bent up- 
ward from the membrane, the object being to prevent local attrac- 
tion and render its action more sensitive to the lighter vibrations 
of the membrane. The articulate sounds may be taken direct from 
the magnet, or through any substance or material sufficiently sensi- 
tive to the vibrations of sound to reproduce them by contact with 
the magnet. 

Having thus described my invention, what I claim as new, and 
desire to secure by letters patent is: 

“1. The combination with the battery, circuit wires, magnet, 
armature and circuit-breaker, of the transmitting membrane A, and 
receiving membrane F, substantially as and for the purpose speci- 
fied. 

2. The combination with the plates C, C, of the circuit-breaker 
D’, whereby the circuit is alternately opened and closed by the vi- 
brations of the membrane A, substantially as specified. : 

“3. The.combination of the bolt D and adjusting nut E, of the 
circuit-breaker D’, substantially as and for the purpose specified.” 

James W. McDonovau. 

Witnesses : 

N. C. GRIDLEY, 
N. H. SHERBURNE. 


MCDONOUGH EVIDENCE. 


The file contains the following: 


U. S. Patent Ornos, 
Room 11 


8, 
Wasnmorox, D. C., April 28, 1876. 


J. W. McDonovan, 
Care Gridley & Sherburne, Chicago, III.: 


.“Teleloge,’ April 10, 1876. 


In this application the transmitter shown does not appear to 
differ substantially from that shown in the old Reiss telephone 
shown and illustrated in Lerbuch der technischen Physik,” Vienna, 
1866, 3d edition. A view and description of such may be seen also 
in the “Scientific American for March 4, 1876. An actual Reiss 
apparatus has also been in possession of the Smithsonian Institute, 
and on public exhibition there for some years. 

Applicant's receiver seems to be substantially met in the patent 
of A. G. Bell, 174,465, March 7, 1876 (electricity ; telephonic tele- 
graphs). 

On these references, applicant's claims are rejected. 

Z. F. Wnavn, 
Examiner. 


To the Commissioner of Patents : 


In the matter of the application of J. W. McDonough, for Tele- 
loge,” filed April 10, 1876. 


I hereby amend my specification as follows: 

On 3d page strike out from and including the second line from 
bottom of said page to and including the tenth line on fourth page, 
and insert in lieu thereof the following, to wit: 

To the membrane A, or if this membrane be constructed of 
metal, it may be dispensed with, and the other either in the form of 
a plate or needle of any conducting material, and attached direct to 
the connecting wire and adjusted to rest upon the plate so as to 
break the connection by the vibration of the membrane, which in 
this case is controlled upon the same principle by the screw, and 
confined between two points for the purpose of receiving the finest 
vibrations and taking advantage of the pressure of the same upon 
the plate or point. The breaking of contract may be rendered more 
abrupt and the contact rendered more perfect by a drop of water or 
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oil. The moisture of the atmosphere will accomplish the same result. 
The transmitting and receiving apparatus may both be connected 
to the same membrane at each end or station, and -controlled by 
switches in the usual manner.” 

Strike out the several clainis and insert in lieu thereof the follow- 
ing, to wit: 

“The combination with membrane A, plates C, C, and circuit- 
breaker D’, of the bolt D, and adjusting-nut E, for confining the vi- 
brations of the membrane against the circuit-breaker, substantially 
as specified.” 

J. W. McDonovaa, 
By Grip.ey & SHERBURNE, 
Attorneys. 
February 27th, 1878. 
Filed March 4th, 1878. 


Ustrep Srates Patent Orrice, Room 118, 
Washington, D. C., March 8, 1878. 


James W. MOD Ox On, 
Care Gridley & Sherburne, Chicago, III., 


Speaking Telephone, filed April 10, 1876. 


The amended claim filed in this case, March 4th, it is thought 
may be allowed. The matter introduced at the end of the specifi- 
cation by the amendment is, however, held to be new matter, as it 
describes modifications nowhere adverted to or shown in the appli- 
cation as originally filed. | 

This matter should consequently be erased. 

| H. C. TownsEnp, 
Examiner. 


CERTIFIED COPY MoDONOUGH’S LETTER TO THE COMMISSIONER OF 
PATENTS OF AUGUST 20, 1879, AND OF THE OFFICE REPLY. 


DEPARTMENT OF THE INTERIOR. 
Unsrrep Srares Parr OFrice. 


To all persons to whom these presents shall come, Greeting : 

This is to certify that the annexed is a true copy from the files 
of this office of two letters, in the matter of the Interference of 
Holcomb vs. Gray vs. Dolbear, for Telegraphy. 

In testimony whereof, I, E M. Mansiz, Commissioner 
of Patents, have caused the seal of the Patent 
Office to be affixed this fourth day of May, in the 
(sEaL] year of our Lord, one thousand eight hundred and 
eighty-two, and of the Independence of the United 
States the one hundred and sixth. 
E. M. Mum. 


In the matter of the Interference between Holcombe, Gray, Bell, 


etc. vs. McDonough. 


Cuicaco, August 20th, 1879. 
The Hon. Com. Patents, 
Washington, D. C.: 

Dear Sm—I have received a copy of the preliminary statement 
of Alexander Graham Bell, which seems to refer entirely to cases I, 
J. K., &c., Patent No. 186,787 and in no way pertaining to Patent 
No. 174,465 Interference G. Has not Mr. Bell made a peparate 
statement in regard to Interference G? If so, will you please send 
to my address a copy of Mr. Bell’s statement which refers to Inter- 
ference G, in which Iam concerned? I should like to ask a question, 
if not improper, having fully described in my application filed April 
10th, 1876, a speaking telephone, am I not properly concerned in 
the case of Interference A ? 

By answer you will oblige 

Yours truly, 
Jun W. McDonoven. 


290 So. Canal street, 
Chicago, III. 


— EXHIBITS. 
OFFICE LETTER TO McDONOUGH. 


Room No. 3, DEPARTMENT OF THE INTERIOR, 
Copies sent. Untrep States Patent OFFIcE, 
Washington, D. C., Aug. 28th, 1879. 


4 


In Re- Interference 
HoLcoMBE 


VS. 


Gray vs. DoLBEAR, ET AL. 


Supsect Matrer: “'TELEGRAPHY.” 
Jun W. McDonovasa, 
Care Gridley & Co., 
Chicago, III. 

In answer to Mr. McDonough’s letter dated August 20, 1879, he 
is informed that the judgment of the office was that he could not 
properly be a party in Case A. If he thinks that judgment wrong 
his proper remedy is to move (by regular motion) to be made a 
party thereto. His attention is called to Rules 119 and 120, a copy 
of which is this day mailed him. 

Z. F. Won, 
Examiner of Interferences. 


PRELIMINARY STATEMENT OF JAMES W. McDONOUGH. 
Filed Sept. 23d, 1878. 


UNITED STATES PATENT OFFICE, 


BEFORE THE COMMISSIONER OF PATENTS. 


In the matter of the interference between 
Application of James W. McDonough, filed April 10, 1876. 
And Letters Patent No. 174,465, dated March 7th, 1876, issued to 
A. G. Bell. 
And application of Geo. B. Richmond, filed Aug. 24th, 1877. 


And application of A. E. Dolbear, filed Oct. 31st, 1877. 
And application of Elisha Gray (No. 3), filed Dec. 4th, 1877. 
And application of T. A. Edison (No. 148), filed Dec. 29th, 1877. 
2 of A. . Holcombe, filed Jan. 28th, 1878. 

For TELEPHONE. 


Srate or ILLinon, , 
County of Cook, 3 
James W. McDonovan, being duly sworn, deposes and says that 

he is one of the parties to the above-entitled interference; that he 

conceived the idea of a telephonic receiver, consisting of the com- 
bination of an electric circuit, of a magnet and a diaghragm, sup- 
ported: and arranged in close proximity thereto, whereby sounds 
thrown upon the line may be reproduced accurately as to pitch 
and quality; and also constructed a practical instrument as early 
as the 31st day of December, 1867; that subsequently, and on the 
26th day of August, 1871, this deponent made drawings of a speak- 
ing telephone embodying his said ideas, and that thereafter, on the 
30th day of June, 1875, this deponent reduced the same to practice 


by constructing and operating a speaking telephone substanially as 
shown and described in his said application. 
James W. McDoxovan. 


Subscribed and sworn to before me 
this 25th day of September, 
A. D., 1878. 


[SEAL. ] 


Approved May Ist, 1879. 
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DEFENDANTS EXHIBITS 


UNITED STATES PATENT OFFICE, 
BEFORE THE COMMISSIONER OF PATENTS. 


In the Matter of Interference between 


Eilsha Gray, A. E. Dolbear, A. G. Bell, Geo. B. Richmond, T. A. 
Edison, E. Berliner, and James W. McDonough. 


For ImprovEMENTS IN TELEPHONES. 


You are hereby notified that on Thursday, the 20th day of 
January, A. D. 1881, at 10 o'clock, A. M., at the office of Grid- 
ley & Co., Room No. 7, No. 135 S. Clark street, in the City of 
Chicago, State of Illinois, we shall proceed to take testimony of 
James W. McDonough, Ada C. Eastman, John E. McDonough, Frank 
L. Eastman, Jeremiah E. Wilsey, T. B. Jeffery, Henry Greenwald, 
Calvin Cobb, Stephen Ryder, and L. M. Cobb, all of Chicago, III., 
and perhaps others, as witnesses in behalf of the said J. W. Mc- 


- Donough. 
The examination will continue from day to day until completed. 
You are invited to attend and cross-examine. 


Dated Chicago, January 10, 1881. 
Yours, &c., 


Grater & Co., 
Attorneys for McDonough. 


To Batpwin, Horxms & Peyron, 
Attorneys for “ Gray,” No. 25 Grant Place, Washington, D.C. 
To GreorcE W. Dyer, Esq., 
Attorney for “ Richmond,” No. 519 Seventh street, Wash- 
ington, D. C. 
To F. L. Porn, Esq., 
Attorney for Dolbear, 32 Park Place, New Tork City. 


To L. W. SERRELL, ESO., 
Attorney for Edison, No. 140 Nassau street, New York City. 
To J. J. Sronnow, Esq., 
Attorney for “ Bell,” and “ Berliner,” 40 State street, Bos- 
ton, Mass. 
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We hereby admit due‘service of a copy of the foregoing notice. 
Batpwix, Horns & Perron, . 
Attorneys for Gray. 

JAMES J. STORROW, 
Counsel for Bell. 

F. L. Porn, 
Attorney for Dolbear, 

By J. J. S. 


Service acknowledged Jan. 15, 1881. 
LzmvEL W. SERRELL, 
Attorney for Edison, 


Wasnmoron, D. C., January 15, 1881. 


Good service this day upon me. 
Geo. W. Dnn, 
Attorney of Record for Richmond. 


UNITED STATES PATENT OFFICE. 


In the matter of interference between Elisha Gray, George B. Rich- 
mond, A. E. Dolbear, T. A. Edison, A. G. Bell, E. Berliner 
and James W. McDonough for improvements in Telephones. 


Depositions of witnesses examined on behalf of James W. 
McDonough, pursuant to the annexed notice at the office of Gridley . 
& Co., No. 135 South Clark Street, City of Chicago, State of Illi- 
nois, on Thursday, January 20th, A. D., 1881 at 10 o'clock, A. M. 


Present—N. C. Gripizy, Esq., on behalf of James W. McDon- 
ough. 


James W. McDonoves, being first duly sworn, does depose and 
say, in answer to interrogatories proposed to him by N. C. Gridley, 
Eaq., counsel for the said James W. McDonough, as follows, viz.: 

ist Question. What is your name, age, residence and occupa- 
tion ? 

Answer. James W. McDonough; thirty-five years; residence, 
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Chicago, Illinois; my occupation is that of a manufacturer, but I 
am not at the present time engaged in a regular business, having 
given up business some two years ago, on account of poor health. 
On account of the non-arrival of foreign counsel engaged in this 
interference, on behalf of the several parties thereto, at the request 
of counsel for McDonough, I adjourn this examination until 2.30 
o'clock, P. M., this 20th day of January, A. D., 1881. 
FREDERICK A. HERRING, 
Notary Public. 


THURSDAY, J — — A. D. 1881. N 


EXAMINATION REsumED—Present, N. C. Grip.ey, Esq., counsel for 
McDonough; J. J. Storrow, Esq., counsel for Bell, and Wui14m D. 
Batpwin, Esq., counsel for Gray. 

F. A. Herrine, 
Notary Public. 


2d Q. Prior to giving up business, how long were you engaged in 
business, and in what kind of business ? 

A. I was in business for about fifteen years. I was manufac- 
turer and wholesale dealer in bedding and upholstered parlor furni- 
ture. During this time I was a member of the firm of McDonough, 
Price & Co., and the firm was afterwards changed to McDonough, 
Wilsey & Co., which was the name of the firm at the time that I 
gave up business. 

3d Q. Were you the head of the firms which you have men- 
tioned, and did you have the principal charge in the management of 
the business of the said firms ? 

A. I was; I had the general management of the business and 
the general superintendence of the manufactories. 

4th Q. Are you one of the parties to this interference ? 

A. I am. 

5th Q. What has been your experience in relation to merchants 
and physicians and the construction of mechanical devices and pat- 
ented inventions ? 

A. When I was about thirteen years of age I studied natural 
philosophy or physics in the High School at Cleveland, Ohio; we 
had there a good set of philosophical apparatus, consisting of tele- 
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graph instruments, galvanic batteries, acoustical apparatus, &c. I 
was very much interested in this study, and from that time to the 
present have made experiments with electrical apparatus and in 
chemistry and photography ; previous to my entering in business 
for myself, I worked as a mechanic and am used to handling tools. 
I have taken out a number of patents for articles connected with the 
business I was engaged in. 

I experimented in chemistry and with electrical apparatus when- 
ever opportunity offered. 

6th Q. Please state what was your experience in study and ex- 
periment, invention and practice, relating to the telegraphic trans- 
mission and reproduction of musical and vocal sounds or articulate 
speech ; stating when you first conceived the idea of telegraphic 
transmission of sound and of articulate speech, and the reproduc- 
tion thereof, giving in detail all your subsequent experiments, prac- 
tice and the results produced ? 

A. In the year 1867 I lived with my folks in a house on Jeffer- 
son, between Madison and Monroe streets, in the City of Chicago; 
while there, I constructed an instrument for the purpose of con- 
verting an interrupted current of electricity into continuous sound. 
This instrument consisted of a magnet of wrought iron, covered or 
surrounded by a helix of insulated wire; the ends of the wire were 
left loose or free from the magnet about three feet. Before the 
magnet and supported by some books, in an upright position, was 
placed an iron hoop covered with a diaphragm of paper on the cen- 
ter of which was pasted a piece of tinned iron. The iron was placed 
close to the ends of the magnet, one of the loose ends of wire of the 
helix was connected with a galvanic battery, another wire connected 
the battery with a course file. 

I operated this instrument by drawing the other loose end of the 
wire from the helix of the magnet over the file, thus making and 
breaking thé current passing over the circuit, causing a magnetization 
and demagnetization of the magnet, thereby attracting the piece of 
iron fastened to the diaphragm, causing it to vibrate and produce 
sound. 

7th Q. To what extent and what kind of sound was produced by 
the instrument you have described ? 

A. When the wire was drawn across the teeth, lengthwise of the 
file, a continnous sound was produced, the pitch varying with a 
rapidity of the motion. 
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8th Q. At what distance from the diaphragm could the sound or 
sounds be heard ? 

A. My ear was probably three feet from the diaphragm; the 
sounds were plainly audible at that distance. 

9th Q. What time in the year 1867, month and day, was it that 
you constructed the instrument and produced the results you have 
spoken of? 

A. I cannot tell that ; I remember that it was in that house and 
in that year. 

10th Q. In your preliminary statement you refer to this instru- 
ment and experiment as having been made and accomplished as 
early as the 3lst day of December, A. D. 1867; why and how did 
you fix that date ? 

A. That is the last day of the year, and I know it was in that 
year and in that house. 

llth Q. Have you the device or instrumentalities with which 
you made the experiments and produced the results which you have 
described now in your possession, or under your control? If not, 
what has become of the instrument or device? 

A. I have a part of it; the iron ring and a part of the battery; 
the magnet I had in my possession until the year 1876; it was lost 
then. I don't know what became of the file. The diaphragm was 
of paper, and was destroyed in the course of time, and the tin lost. 
I took no particular care to preserve them ; the wire I used in other 
experiments. 

12th Q. Have you made, or caused to be made, under your di- 
rection and supervision, a drawing of the instrument with which 
you performed the experiment in 1867, and which you have de- 
scribed? If so, will you produce such drawing, to be attached to 
your deposition ? 

A. I have had one made under my supervision, an I hereby 
produce it. 


Counsel for McDonough offer the said drawing in evidence, 
and the same is marked McDonough Drawing No. 1. F. A. 


Herring, Notary Public. 


13th Q. Who composed the members of the family with whom 
you resided in the year 1867, in the Jefferson street house, at the 
time you made the instrument and the experiment you have de- 
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scribed ; and who, if any of them, had knowledge of the construc- 
tion of the instrument, and of your experiments ? 

A. My step-father, Jeremiah E. Wilsey; my mother, Margaret 
V. Wilsey; John E. McDonough and Ada C. Wilsey, now Ada C. 
Eastman, and myself; they all knew that I was making experiments 
with electrical instruments. Mr. Wilsey knew the object of my ex- 
perimenting ; my mother is dead. | 

14th Q. State what you next did toward the development of the 
invention which is the subject matter of this interference, when and 
where, and under what circumstances, and particularly when ycu 
first. conceived the idea of a speaking telephone? 

A. I was in the habit of making memoranda and sketches of 
ideas that occurred to me, for the purpose of preserving them and 
calling them to my mind, and I find a memorandum sketch in a 
book that I used for that purpose, dated August 26th, 1871. 


Jawa 20, 1881, 4.15 P. M. 
Examination adjourned until 9.30, A. D. January 21, 1881, at 
the same place. 
F. A. Herrme, 
Notary Public. 


Far, Janvaky 21, A. D. 1881, 9.30 A. M. 


EXAMINATION RESUMED. 


Present—N. C. Griptey, Esq., Counsel for McDonough; J. J. 
Srorrow, Esq., Counsel for Bell; and WX. D. Batpwi, Esq., Coun- 
sel for Gray. 

F. A. Herrme, 
Notary Public. 


Witness resumes answer to 14th question, as follows, viz. : 


This sketch followed my conception of a speaking telephone, and 
was & memorandum or a sketch of several methods of making an in- 
strument when I should find an opportunity to work at it. At this 
time I had read accounts and descriptions of the phonautograph, 
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an instrument for recording vibrations produced by the sound of the 
human voice in a diaphragm and recorded or written on a blackened 
surface. I had also read a brief description of the Reiss telephone, 
but had seen no illustration of it. I was acquainted generally with 
the state of acoustical science at that time. While making some 
drawings in reference to an electrical motor I conceived of the idea 
of an instrument which would convey articulate sounds through the 
means of electricity and reproduce them ata distance. Part of this 
plan was the employment of a diaphragm or membrane at each sta- 
tion. 0 

' 15th Q. Have you in your possession the book containing the 
sketch to which you refer, dated August 26th, 1871, and if so, will 
you produce such book, refer to such sketch or sketches, and give a 
description thereof, as to what they were intended to illustrate ? 

A. I have the book and produce it, and show the leaf containing 
the sketch. The drawings show one receiver, consisting of a 
stretched membrane, on which is pasted a piece of metal, and before 
which is an electro-magnet, which is connected with a battery and 
with a transmitter, consisting of a membrane stretched over a hoop, 
in the center of which membrane or diaphragm is fastened a small 
piece of metal, connected by wire with a magnet of the receiver. 
Upon this small piece of metal rested a piece of metal in the shape 
of a pin, which was supported by a frame. This metal pin was con- 
nected by wire with the battery, thus completing the circuit. The 
other sketches were of different plans of a transmitter that sug- 
gested themselves to me as possible ways of constructing a trans- 
mitter. There is attached to the sketch the writing, “ August 26, 
1871. To send speech through wires by means of electricity.” 

16th Q. When was the memorandum, to which you refer, made, 
and by whom ? 

A. It was made on the 26th day of August, 1871, and by myself. 

17th Q. What use have you made of the book in which this 
sketch and memoranda are contained ? 

A. The book was bought for use in our manufacturing business, 
and contained a list of names of dealers in furniture. This list filled 
but a small portion of the book, and when it was out of date I cut 
the leaves out containing those names and used the book for a scrap 
book. It contained some accounts and other matter, and sketches 
and memoranda of over thirty (30) different ideas and conceptions. 

I afterwards, in 1876 or 1877, copied what I thought worth pre- 
serving into another book and threw this aside as of no value. 
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an instrument for recording vibrations produced by the sound of the 
human voice in a diaphragm and recorded or written on a blackened 
surface. I had also read a brief description of the Reiss telephone, 
but had seen no illustration of it. I was acquainted generally with 
the state of acoustical science at that time. While making some 
drawings in reference to an electrical motor I conceived of the idea 
of an instrument which would convey articulate sounds through the 
means of electricity and reproduce them ata distance. Part of this 
plan was the employment of a diaphragm or membrane at each sta- 
tion. 4 
Isth Q. Have you in your possession the book containing the 
sketch to which you refer, dated August 26th, 1871, and if so, will 
you produce such book, refer to such sketch or sketches, and give a 
description thereof, as to what they were intended to illustrate ? 

A. I have the book and produce it, and show the leaf containing 
the sketch. The drawings show one receiver, consisting of a 
stretched membrane, on which is pasted a piece of metal, and before 
which is an electro-magnet, which is connected with a battery and 
with a transmitter, consisting of a membrane stretched over a hoop, 
in the center of which membrane or diaphragm is fastened a small 
piece of metal, connected by wire with a magnet of the receiver. 
Upon this small piece of metal rested a piece of metal in the shape 
of a pin, which was supported by a frame. This metal pin was con- 
nected by wire with the battery, thus completing the circuit. The 
other sketches were of different plans of a transmitter that sug- 
gested themselves to me as possible ways of constructing a trans- 
mitter. There is attached to the sketch the writing, “ August 26, 
1871. To send speech through wires by means of electricity.” 

16th Q. When was the memorandum, to which you refer, made, 
and by whom ? 

A. It was made on the 26th day of August, 1871, and by myself. 

17th Q. What use have you made of the book in which this 
sketch and memoranda are contained ? 

A. The book was bought for use in our manufacturing business, 
and contained a list of names of dealers in furniture. This list filled 
but a small portion of the book, and when it was out of date I cut 
the leaves out containing those names and used the book for a scrap 
book. It coptained some accounts and other matter, and sketches 
and memoranda of over thirty (30) different ideas and conceptions. 

I afterwards, in 1876 or 1877, copied what I thought worth pre- 
serving into another book and threw this aside as of no value. 
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18th Q. Please mention for what purpose some of the several 
sketches, drawings, or memoranda to which you referred in that 
book were made? 

A. What is called a ball-caster is one. Another was an electro- 
motor—half a dozen sketches of it. A cartridge box, an envelope 
counter, another electro-motor, a machine for making wire staples, 
memoranda concerning photographs in natural colors, some ideas on 
electric light, a fire extinguisher, to produce action in artificial 
limbs by action of electricity controlled by raising the muscles in 
the stump ; and a lot of more things. 

19th Q. Were the sketches, drawings, or memoranda to which you 
have referred all made by you? And were they placed or made in 
said book in regular order of date, or time, or how otherwise ? 

A. All that I have referred to were made by me; there was no 
attempt made at system in any part of the book. I made the draw- 
ings or memoranda wherever I happened to open the book or to 
find any vacant space. 

20th Q. State whether or not the drawings and memoranda made 
by you or your conception of the speaking telephone or transmitter 
and receiver, to which you have referred as having been made 
August 26, 1871, are now in the same condition as you then made 
them, and whether or not you have, at any time, altered or changed 
‘them in any particular? 

A. They are in the same condition ; I have made no alterations in 
them. 


Counsel for McDonough offers the book referred to in evi- 
dence, and the page containing the drawings is marked 
“McDonough Drawing of August 26, 1871.” F. A. Herring, 
Notary Public. 

By consent of counsel, a facsimile, referred to of August 
26, 1871, is attached to this deposition. The book referred 
to is to remain in the custody of the witness and is to be 
produced on the hearing if required by counsel. 


2lst Q. When was your attention again called to the subject of 
speaking telephones, and what did you next do, and when and 
where, towards the development of your conception of the speaking 
telephone ? 

A. In April of the year 1874 I resided at No. 584 West Wash- 
ington street, Chicago. At this time my attention was again called 
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to the subject of electrical transmission of articulate sounds, and I 
started to work upon an instrument for the accomplishment of that 
purpose. I put my batteries into shape, and had made a magnet of 
wrought iron at the centre or base of which was soldered a screw for 
the purpose of fastening the magnet to a frame. I made no further 
progress on account of ill-health. I made preparations and went 
to Europe for the benefit of my health, starting about the middle 
of May, 1874. I returned to Chicago in November, 1874. While 
I was absent the firm of which I was a member commenced the 
erection of the building 290 to 294 South Canal street, Chicago, 
to use as a manufactory. I had to break myself into business from 
which I had absented myself, and give extra attention to building, 
and had no time to experiment. 

22d Q. What was the condition of your health, bodily and 
mentally, prior to your departure for Europe in May, 1874, and 
how long previous to that time had you been in ill-health ? 

A. I never had perfect health, and at times was incapacitated for 
work of any kind ; previous to my departure for Europe I spent a 
good portion of the day lying on my back, and atlast was compelled 
to take a vacation ; I was incapable of doing any kind of work, 
either mental or physical. 

23d Q. What causes, if any, existed between the conception of 
your idea of the telephone for the purpose of transmitting articulate 
words, and the date of your departure to Europe, which prevented 
you from developing your idea and reducing it to practice ? 

A. Attention to business ; after the fire of 1871 we moved our 
place of business, and moved into smaller quarters; our business 
increased, and general ill-health, which did not permit me to give a 
great deal of time to outside matters; I had a great many ideas and 
conceptions that I never had an opportunity to work upon. 

24th Q. Please state what you next did, when and where and 
under what circumstances, towards the development of your idea of 
the speaking telephone, stating any circumstances that were an in- 
centive to you to proceed, and where you resided at that time? 

A. After my return in November, 1874, I did nothing until April, 
1875; in the latter part of April, 1875, I read in one of the daily 
papers of Chicago, the “Chicago Tribune,” of April 22d, 1875, a 
notice of an exhibition of a musical telephone ; while walking home, 
on this day, with Mr. Frank L. Eastman, I referred to this article in 
the paper and asked him if he had read it; his answer was that he 
had not; I then explained to him as well as I could 


what the instrument was and what it had 
and told him that I knew I could make an instrument that 
would carry speech from one place to another instead of 
musical sounds; he asked me why I did not go to work and do 
it, and I answered that I would ; I spoke in regard to the commer- 
cial advantages of such an instrument, and told him that it would 
take the place of ordinary telegraph instruments; when we arrived 
at home, I showed him the drawings in the book marked “ McDon- 
ough Drawing of August 26, 1871, F. A. Herring, Notary Public,” 
referred to in my answer to the 15th question, and explained to him 
my ideas and method by which I intended to accomplish the result ; 
we moved our business into the new store on Canal street, Chicago, 
about March Ist, 1875, and our residence from No. 584 West Wash- 
ington street to No. 72 Warren avenue, Chicago, about May Ist, 
1875 ; at that time the members of our household were Jeremiah E. 
Wilsey, Margaret V. Wilsey, his wife, who was my mother, John E. 
McDonough, Frank L. Eastman and Ada C. Eastman, his wife, who 
is my half sister, and myself; the house was painted and kalsomined 
after we moved in, occupying a week or ten days. 

In the latter part of May I commenced work again on the speak- 
ing telephone ; I had made for me two tin cases, and had the screw 
resoldered on the rod-iron magnet referred to in my answer to 21st 
question ; one end of each of these cases I covered with a stretched 
parchment diaphragm ; they were pasted to the tin and tied around 
with a string ; one of these cases I used as a part of a receiver, and 
one as a part of a transmitter; the receiver was made by fastening 
the tin case by a screw which was soldered to it, to a wooden frame 
in such a position that the diaphragm was perpendicular to the 
frame. 

Near the centre of the diaphragm was pasted a piece of tinned 
iron. In front of the tin case and diaphragm was placed the rod- 
iron magnet, fastened by the screw to a raised part of the frame. 

The ends of the magnet were close to the tinned iron plate. The 
magnet was adjustable forward and backward. The part of the 
frame which supported the magnet could be moved on a pivot, 
formed by a screw passing through it. 

A helix surrounded the magnet. It was formed by wrapping the 
magnet with insulated wire in the usual manner, and the ends of the 
wire connected with two screw-eyes screwed into the frame, and 
which served as binding screws. 

The transmitter was formed by placing the other parchment- 


covered tin case with the parchment diaphragm in a horizontal po- 
sition upon a frame which had an arm of wood, which entended 
over the centre of the diaphragm. 

Upon the centre of the parchment was fastened a small piece of 
thin German silver, which was connected by a wire to a screw-eye 
on top of the arm of the frame. Resting upon this piece of metal 
was a needle, which passed through a glass tube supported by the 
arm. The needle was free to move up and down in the glass tube; 
and was connected to another screw-eye by a thread of tin-foil. 

This transmitter and receiver were first used in the latter part of 
May, 1875? 

The receiver was placed upon a marble-top table in the second 
story front room of the house at 72 Warren avenue; the magnet of 
the receiver was placed in anelectrical circuit, formed by carrying an 
insulated wire from one of the screw-eye binding posts to a galvanic 
battery; a wire was carried from the battery to a chandelier in the 
centre of the room, through a transom into a back room to the trans- 
mitter. A second wire was run from the other binding screw of the 
receiver to the chandelier, and through the transom to the transmit- 
ter, thus completing the circuit. 


Recess taken until 2 o’clock P. M. 


This set of instruments was operated by singing upon the dia- 
phragm of the transmitter, the vibrations produced by the voice 
causing the diaphragm to vibrate, making and breaking the electric — 
current at the point of contact between the needle and the piece of 
metal upon which it rested. This breaking of the current caused 
an alternate magnetization and demagnetization of the magnet of 
the receiver, attracting the piece of metal fastened to the membrane 
of the receiver and releasing it, causing it to vibrate together with 
the membrane, thereby producing sound which could be heard by 
the one at the receiver. This instrument was used and operated by 
myself and Mr. Eastman. We could recognize tunes, but no words. 


Answer objected to by counsel for Gray, as inconsistent 
with and as a departure from witness’ preliminary statement. 
25th Q: Did any other person assist you, besides Mr. Eastman 
in making the experiment last referred to by you? 
\ 
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A. Mr. Wilsey and John E. McDonough listened at the receiver 
while myself or Mr. Eastman sang. 

26th Q. Please state more particularly the location of the trans- 
mitter and of the receiver in your house at that time, how the one 
was closed as against the other, and their distance apart? 

A. The receiver was placed in the front part of the front room, 
near a window and marble-top table, the battery along side of it on 
the table ; the transmitter was placed in a back room of the same 
house on the same floor; the distance was about, in a straight line, 
forty feet. From the room in which the receiver was placed there 
was a door leading to a hall, with a transom over the door; the hall 
led past a wash room and a bedroom and to this back room, 
where there was a door that opened into the back room. When we 
operated the instruments the doors and transom were closed. 

27th Q. Did you construct the whole or any of the parts of the in- 
strument ordevice last described by you, and, if not the whole, what 
parts ? 

A. I constructed a part of it myself. I put the membranes on 
the tin cases of the receiver and transmitter. I made the frame on 
which the tin cases were placed. I wrapped the wire around the 
magnet, and put the receiver into its final shape. I put the piece of 
metal on the transmitter diaphragm and arranged it as I described 
it, with the needle resting upon the piece of metal and connected 
in circuit. I made the connections between the receiver and trans- 
mitter and with the battery. 

28th Q. Which of the parts of such instrument as you have de- 
scribed were not constructed by you, and state by whom con- 
structed, if you now recollect ? 

A. The tin cases were made by a tinsmith, on West Madison 
street, Chicago, by the name of Greenwalt; he also resoldered the 
screw on the rod-iron magnet. The battery and wires I bought 
some time prior to December 31, 1867. I bought the parchment 
pieces at some music store. 

29th Q. State whether you now have in your possession the 
whole or any part of the instrumentalities which you have described 
in making the experiment, as last described by you, and if not, state 
what has become of the same, if you know? 

A. I have a part of them, consisting of the tin cases, one of the 
stands, that for the transmitter, one of the screw eyes that was in 
the frame for the transmitter, and the needle that was used at that 
time. The frame for the receiver was used for the construction of 
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some other instrument; the wires and magnet of the receiver were 
used for the construction of another instrument. The parchments 
were destroyed in course of time or used for other purposes. 

30th Q. Have you made, or caused to be made, a drawing of the 
instrumentalities or device used by you in making the experiments 
last described by you, and if so, will you produce such drawing ? 

A. I have caused a drawing to be made, and here produce it. It 
correctly represents the instruments as used at this time; the cir- 
cuit connections are all s> represented. 


Counsel for McDonough offers said drawing in evidence, 
and the same is marked “‘McDonough Drawing No. 2 F. 
A. Herring, Notary Public. 


3ist Q. Did you subsequently make any change in the instrument 
or device as shown in “ McDonough Drawing No. 2 ;” if so, when, 
and what change or changes did you so make ? 

A. I made an alteration in the transmitter, changing the posi- 
ing of the screw eye and substituting for the thread of tin foil a thin 
strip of German silver, one end of which rested upon the needle, the 


other end was placed in connection with the circuit wire. 

There was no change made im the receiver. This change was 
made about June 1, 1875. 

32d Q. Have you made, or caused to be made, a drawing illus- 
trating the change made im the transmitter which you have just de- 

A. I have had a drawing made, and I here produce it. 


Counsel for McDonough offers said drawing in evidence, 
and the same is marked “ McDonough Drawing, No. 3.“ F. 
A. Herrring, Notary public. 


33d C. State whether or not you made any tests of the instra- 
ment as last changed by you; and if so, when and where, and what 
were the results obtained ? 

A. I tested the instrument, together with Mr. Eastman, im- 
mediately after the alteration; the receiver was placed as before, 
the transmitter in the back room where it had been before, the cir- 
cuit wires remaining the same and in the same place. We could 
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tone of the voice, but I do not remember of hearing any distinct 
words. 

34th Q. Will you produce such parts of the instrumentalities 
which you used in the experiments last described by you, and which 
you now have in your possession; describing which of such parts 
are new or old? 

‘I produce what parts I have left of the original instrument con- 
tained in the reconstructed instrument. 


The same is offered in evidence by counsel for McDonough, 
which is marked respectively, “McDonough Receiver 
Exhibit, No. 1,” and “ McDonough Transmitter Exhibit, 
No. 2.“ F. A. Herring, Notary Public. 


In the instrument marked McDonough Receiver Exhibit, No. 1, 
the original parts are the tin case with the screw soldered to it, and the 
movable L-shaped piece of wood which serves to support the mag- 
net and adjust it to and from the diaphragm ; all the other parts are 
duplications. 

In the Transmitter marked McDonough Transmitter Exhibit, No. 
2, the tin case, the entire wooden frame, the screw eye are original ; 


the piece of glass tube, strip of metal and parchment and wires are 
duplications. The needle, now in the case of the Receiver, is one 
used during these experiments. The original magnet was used for 
another instrument, and the other parts reduplicated were lost or 
destroyed in time. 

The dimensions of the instruments were as follows, namely, the 
diameter of the parchment diaphragms is five inches, the length of 
the cases is four and one-half inches, the small end of the transmit- 
ter case is entirely open, its diameter is four and one-quarter inches; 
it has a screw soldered to the outside of the case as shown in the 
two drawings. 

The smaller end of the receiver tin case is four and one-quarter 
inches and is closed by a sheet of tin, with a hole three-fourths of 
an inch in diameter in the middle. The magnet of the receiver, 
which is a reduplication, as near as I can remember of the original, 
is horse-shoe magnet, each limb of which is six inches long, 7 
of a quarter of an inch iron rod, a foot long, bent into h 
shape, with a screw soldered at the base by which it is attached 
the standard. The magnet is wound with a helix substantially 
shown in drawing No. 2. 1 
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35 Q. Please state what you next did toward perfecting your 
invention, when and where and with what instrumentalities ? 

A. At this time I had an iron hoop which I had used in 1867. I 
got a blacksmith to make a second iron hoop the same size of the 
first, with a screw attached on the outer flat-side of the hoop. I 
don’t remember the man who made it. I think his shop was on 
Canal street, Chicago. 

These two hoops I covered with parchment diaphragms, pasting 
the edges on the iron. When they dried they came off and I pasted 
a strip of cotton cloth on the hoops and pasted the parchment to 


this. 
I made a receiver for telephonic transmission of articulate sounds 


by attaching the iron hoop to a frame by the screw. Near the 
center of the parchment diaphragm I fastened a piece of tinned 
iron with paste. Before this diaphragm was placed a magnet and 
helix taken from the receiver, described in my answer to the 24th 
question. 3 


4.30 o'clock P. M., January 21, A. D. 1881, examination ad- 
journed to same place at 9.30 O clock A. M., January 22, A. D. 1881. 
F. A. Hanna, 
Notary Public. 


January 22, 1881, 9.30 o’clock A. M. 
Examination resumed at the same place, the same parties being 


present. 
F. A. Hnnma, 
Notary Public. 


Witness resumed his answer to the 35th question. 


The ends of the wire forming the helix were attached to two 
screw eyes which served as binding posts. The magnet was sup- 
ported by an arm moving upon a screw pivot somewhat smaller 
than that shown in the Receiver Exhibit No. 1, allowing the magnet 
to be adjusted forward and backward in front of the diaphragm. 
The ends of the magnet were directly in front of and close to the 
tinned iron piece pasted to the diaphragm. 

The transmitter was formed by covering an iron hoop with a 
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parchment diaphragm. Near the center of the diaphragm two thin 
pieces of German silver were fastened with paste; they were sepa- 
rated by about a half inch. To each of these pieces of German 
silver was attached a light connecting wire. A thin piece of Ger- 
man silver was bent in an arch-shaped form and rested loosely upon 
the pieces of German silver fastened to the diaphragm. 

While operating with the instruments described in my answers to 
the 24th question and the 31st question, we could distinguish some 
faint tones of the voice conveyed through the air from one room to 
another. : 

To obviate this we placed the transmitter just described in a 
back parlor down stairs, and connected it in electrical circuit with 
the receiver, which was placed upon the marble-top table near the 
window, in the second story front room of the same house. 
| One of the circuit wires passed from the screw-eye binding post 

to the receiver to the binding post of a galvanic battery, which was 
placed upon the marble top table at the side of the receiver. 

Another wire passed from another binding screw of the battery 
to a chandelier in the center of the room, through a transom, across 
to a pair of stairs, and down the side of the stairs, across a hall, 
through a door, into a back parlor, where it was connected with one 
of the small wires attached to cne of the pieces of German silver 
fastened to thediaphragm. Another wire wasconnected to the other 
small wire attached to the second piece of German silver pasted to 
the diaphragm. 

This wire followed the course of the first wire to the chandelier, 
and from thence was carried to the other screw eye binding post of 
the receiver. The wires described above were all insulated. 

The doors and transoms were closed while we operated these 
instruments, at this distance, and no trace of any sound could be 
distinguished as passing through the air when we tested this instru- 
ment by singing in front of the transmitting diaphragm. I found 
that the piece of arch-shaped metal resting upon the two flat pieces 
of German silver pasted to the diaphragm was shaken off by the 
vibrations, and I proceeded to attach it to prevent it from doing so. 
I passed a piece of thread through a hole in the center of the arch- 
shaped piece of metal, which I punched for that purpose, down 
through a hole in the diaphragm between the two pieces of me’ 
pasted thereon, tying a knot in the thread under the diaphragr{ and 
another on top of the arched piece of metal. This held the piece of 
metal in place and we twisted the thread to tighten it. 


— 
* 
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The ends of the arched piece of metal rested upon the two 
pieces of metal pasted to the diaphragm, completing the electrical 
circuit. The current coming from one pole of the battery passed 
to one of the pieces of German silver, thence through the arched 
piece of metal to the other piece of German silver, from thence, by 
the conducting wire, through the helix through the magnet of the 
receiver to the other pole of the battery. We operated this instru- 
ment as now arranged by singing in front of the transmitter and 
listening at the receiver up-stairs. This instrument was operated 
by Mr. Eastman and myself. We could distinguish tunes and some 
words distinctly. I then had made a screw pin of brass. This 
screw pin was formed of a small piece of brass wire about an inch 
long; a screw thread was turned on each end; at about one-third 
of the distance from one end a small lead nut was fastened. An- 
other small movable lead nut was screwed on at the same end, and 
another of the same size was screwed on the other end of the brass 
wire. 

I put this screw pin in the place of the piece of thread with the 
knots. 

The pin was attached to the diaphragm by passing one end 
through the diaphragm and screwing a nut against the other side of 
the diaphragm, opposite the stationary nut. 

This pin stood at right angles with the diaphragm projecting 
above it about two-thirds of its length. The arch-shaped piece of 
metal was placed as before, the pin passing through the hole in the 
center, and a nut was screwed on the top of the pin. 

The position of the transmitter and receiver was not altered ; 
the circuit wires and battery remained the same and in the same 
positions ; the course of the current was the same. 

Iwas assisted in operating this instrument by Frank L. East- 
man, Jeremiah E. Wilsey and John E. McDonough. 

We obtained results as follows, viz.: clearly recognizable tunes, 
and entire sentences of clearly understood words were transmitted 
through the instruments and heard at the receiver. 

This iron-hoop receiver and transmitter, with a thread attach- 
ment, were completed about the middle of June, 1875. 

The substitution of the screw pin for the thread in the transmit- 
ter followed shortly after, and the operation of the last described in- 
strument took place in the last week in June, 1875 ; the precise day I 
cannot tell. These results were obtained at the house known as 
No. 72 Warren avenue, Chicago. * 
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I was not able to state the exact day, and in my preliminary 
statement fixed on the last day of June, 1875, as the latest day upon 
which we obtained the described results. 

36th Q. State any circnmstance that enables you to fix the dates 
last mentioned by you. 

A. We moved into the house on Warren avenue the first week in 
May, 1875, and were about a week or ten days unsettled. Toward 
the latter end of May, 1875, I commenced working on this, and 
continued to the latter end of June, 1875. 

Mr. and Mrs. Eastman and myself were at Highland Park on the 
4th of July, 1875. Mr. Eastman and myself had some conversation 
regarding this subject of the telephone. After returning, I started 
on a vacation about the second week in July, and was gone possibly 
six weeks. 

37th Q. Are you positive from the circumstances which you have 
stated, that the devices or instrumentalities which you last described 
were operated and the results produced, as stated by you, prior to 
the 4th day of July, and as early as the thirtieth day of June, A. D. 
1875 ? 


Objected to as leading and incompetent. 


A. I am positive that the instruments were used at that time, 
and the results described obtained. 

38th Q. Can you state what tunes or spoken words were trans- 
mitted and heard through the instruments that you have last de- 
scribed at the date mentioned by you ? 

A. To my own knowledge the tunes were, Swanee River,” 
“‘ Muffin’s Man,” Shoe Fly and some others. The words which 
impressed themselves upon me more particularly were Way down 
upon the Swanee Ribber, far, ‘far away,” which I heard consecu- 
tively and clearly, noticing the elison at the beginning of the word 
“way,” and the change of “v” to “b”i- the word “river.” The 
words of other tunes were distinct why = the instruments were prop- 
erly regulated. 

I, myself, could distinguish peculiarities of voice in those speak- 
ing or singing. 

I don t remember what spoken words, if any, were used at this 
time. 

39th Q. You state that you could distinguish peculiarities of 
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voice. Am I to understand that you could recognize the voice of 
the person singing or speaking through the instruments ? 


Objected to as leading and incompetent. 


A. When I could distinctly understand the words I could. 

40th Q. You have stated the names of some persons who assisted 
you in operating the instrument and in producing the results you 
have described. Will you now state the names of persons, if any, 
who had knowledge of the result produced by such instruments, at 
or about the time named by you? 

A. My mother and sister knew of the results, probably, by hear- 
say, during the fall of the year 1875. I told several persons that I 
had made and successfully operated an instrument for the trans- 
mission of vocal sounds telegraphically. 

Among these last were T. B. Jeffery, who made the screw pin for 
me described in the instrument, S. G. Wilkins, Calvin Cobb, and L. 
M. Cobb and some others. 

Alst Q. Have you made, or caused to be made, a drawing illus- 
trating the instruments last described by you, and if so, will you 
produce such drawing ? 

A. Ihave caused a drawing thereof to be made, and I hereby 
produce the same. 


Counsel for McDonough offers the drawing in evidence, 
and the same is marked “ McDonough Drawing No. 4.” 
F. A. HERRING, 
Notary Public. 


42d Q. Did you construct in whole or in part, the instruments 
last described by you, and as shown in drawing No. 4; and if not, 
who assisted you in constructing such instruments ? 

A. I constructed them in part, the iron hoops were made by 
blacksmiths, the magnet of the receiver was one taken from the 
instrument described in my answer to 24th question ; the screw pin 
in the transmitter with the nuts attached was made by T. B. Jeffery, 
a model maker on Canal street, Chicago; I made the frame or base 
of the receiver myself; I put the diaphragms on the hoops, con- 
structed and attached the pieces of metal to the transmitter, and 
arranged and put the entire instrument in the shape as described. 

43d Q: Have you the instrument referred to, or any of the parts 
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thereof, now in your pussession, or under your control; and if not, 
what has become of such instrument or parts thereof? 


12.30 o’clock P. M. Recess taken until 2 o’clock this P. M. 
F. A. Herrime, 
Notary Public. 


2 o’cLock P. M., Jan. 22, 1881. 
Examination resumed, at same place; same parties being pres- 


ent. 
F. A. HERRING, 
Notary Public. 


Witness in answer to 43d question says as follows, viz.: 


A. I have a part of the instruments, one of the iron rings, 
the magnet, part of the helix, the brass screw-pin and small wires of 
the transmitter were put into a modcl which was sent with my ap- 
plication to the Patent Office. 

The ends of the magnet were cut off to reduce the size to that 


required by the Patent Office. 

The parchments were cut up to furnish diaphragms for the same 
model. The second iron ring has been lost; the frame of the re- 
ceiver was used for other instruments, and I do not know what 
finally became of it. 

The battery I have yet in a ruined condition, worn out ; the cir- 
cuit wires were used up in other experiments. 

44th Q. Have you made or reproduced the instruments last re- 
ferred to, and as shown in McDonough’s Drawing No. 4, in whole 
or in part, and if so, will you now produce the same? 

A. I have made a duplication of these instruments, using the iron 
ring as a part. The other parts are all duplications. I here pro- 
duce the duplicate of the receiver and transmitter. In my descrip- 
tion of this transmitter I said that the two pieces of metal pasted 
to the diaphragm were a half inch apart ; I should have said aninch 
and a half. 

The parchment pieces on the receiver were not in the original, 
but are placed to fasten the German silver pieces more securely 
than they were originally. 

The piece of parchment, covering and holding in place the piece 
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of tinned iron of the receiver diaphragm, is also placed there for the 
purpose of preventing the piece from being lost. 

45th Q. Do the duplicates that you now produce correctly repre- 
sent respectively the construction, form and dimensions of the re- 
ceiver and transmitter, with the exceptions you have stated, and 
what are the dimensions of such duplicate instruments ? 

A. They do. The dimensions are as follows, viz: The internal 
diameter of the hoop is 12 inches; the hoops are about an inch 
wide, and of about one-eighth (3) inch iron. The pieces of German 
silver fastened to the diaphragm are about one inch and a half (14) 
long and a half (4) inch wide, turned up at the end a quarter of an 
inch to three-eighths (#) inch. The bridge piece is three-eighths 
(D of an inch high, and the distance between the points that rest 
on the German silver pieces is one and thirteen-sixteenth inches; 
the width is five-sixteenths of an inch. I can’t tell the thickness 
of the German silver. It is pretty thin—such as ordinarily used 
for making small stencil plates. 


Counsel for McDonough offers the said instruments in evi- 
dence, and they are marked respectively “McDonough 
Transmitter, Exhibit No. 3,” and “McDonough Receiver, 
Exhibit No. 4.“ F. A. Herring, Notary Public. 


46th Q. State, if you recollect, the date of the filing of your ap- 
plication for letters patent involved in this interference ? 

A. April 10, 1876. 

47th Q. Why did you delay filing your application for letters 
patent to that time? 

A. The sounds which we received from this instrument were not 
very loud. It was necessary to hold the ear within four or five 
inches of the receiving diaphragm to understand words. 

I thought I could make an instrument which we could hear in 
any part of the room. After accomplishing the results heretofore 
described, it was absolutely necessary that I should quit work and 
take a vacation. When I arrived at home I commenced work about 
the first of September, 1875, on new instruments for the purpose of 
increasing the volume of sound. I made probably fifteen different 
instruments, not differing in principle from that of the last of June, 
1875. 

I had diaphragms, varying from one and one-half inches to fif- 
teen inches in diameter. I used larger and smaller size mag- 
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nets, and from one to eight cells of battery. I substituted other 
kinds of metal for the German silver in the transmitter; for the re- 
ceiver diaphragm was substituted a wooden box of light wood, to 
which the tinned iron was pasted. I had a receiver in which the 
diaphragm was the end of a tin case which I had made. Not hav- 
ing obtained anything which gave it a louder articalation, and being 
urged by those around me, I made my application at the time 
stated. 

48th Q. Was your time wholly occupied between the 30th day of 
June, 1875, and the 10th day of April, 1876, in your attempts to 
increase the volume of sound in the instruments which you have 
described ? 


Objected to as leading and incompetent. 


A. No; I was in Highland Park the day of the 4th of July; I was 
on a vacation for six weeks. Most of my time in the day was occu- 
pied in business. I worked for this object nights and mornings at 
every opportunity. 

49th Q. Between the dates mentioned, what was your regular 
business, and the name of the firm with which you were connected ? 

A. My regular business was that of a furniture manufacturer. 
J had the general supervision of the business and special supervision 
of manufactures. The name of the firm was McDonough, Price & 
Co . 


The foregoing deposition, and particularly the 3lst to 35th an- 
swers, inclusive, objected to as not warranted by the preliminary 
statement, application and issue. 


CROSS-EXAMINATION BY Mr. Sronnow: 


50th Cress-Q. Have you stated all that you did or accomplished 
relative to the electrical transmission of sound prior to April 10, 
1876? 

A. I have not described with full details all of the instruments 
made between June 30th, 1875, and April 10th, 1876. 

51st Cross-Q. I understand from your 47th answer that during 
that time you made probably fifteen instruments, and that none of 
them differed in principle from that of the last of June, 1875 ; is that 
the fact ? 

A. In the general principle they did not differ. 
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52d Cross-Q. I understand that your instruments of the last of 
June, 1876, are, as near as you can recollect, correctly represented 
by McDonough Drawing No. 4; is that so? 

A. I believe them to be so, with the exception that the diaphragm 
of the transmitter in the drawing should be the same size as that of 
the receiver in the same drawing. 

53d Cross-Q. Was the instrument and apparatus of the last of 
June, 1875, the same in its principle and mode of operation as the 
instruments desribed in your application of April 10, 1876 ? 

A. Yes, it was substantially the same. 

54th Cross-Q. If there was any difference between them, please 
point it out ? 

A. In the instrument applied for in the application there was a 
wooden frame attached as a baseboard to the transmitter hoop ; and 
the hoop of the receiver was also attached to a wooden frame, in an 
upright position ; the operation of the instruments was not dif- 
ferent. 

544th Cross-Q. The original drawing, of which you have put in 
a fac simile, marked McDonough Drawing of August 26, 1871, was 
in pencil, was it not? 

A. Yes. 

55th Cross-Q. The drawings marked McDonough Drawings Nos. 
1, 2 and 3 respectively, have been made by you, or under your di- 
rection, within a few weeks, as part of the preparation for taking 
your deposition, have they not? 

A. No, they were not made within a few weeks ; they were made 
about two months ago. 

56th Cross-Q. I understand that they are prepared from your 
recollection and from such parts of the original instruments as you 
have produced and identified; is that the fact? 

A. Yes. 


5 o'clock P. M., 
January 22, 1881. 
Examination adjourned to Monday, January 24, 1881, 9.30 
o'clock A. M., at same place. 


F. A. Hnnma, 
Notary Public. 
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Monpay, J ——— _ 


Cross-examination resumed, the same = being present. 
F. A. Hnnma, 
Notary Public. 


57th Cross-Q. Please look at your 40th answer, and tell me what 
business or other connection you had or have with the last three 
persons mentioned ? 

A. S. G. Wilkins was bookkeeper for McDonough, Wilsey & 
Co. He is now a member of the firm of Eastman & Wilkens, our 
successors. Calvin and L. M. Cobb have been friends of mine for a 
number of years. 

58th Cross-Q. Have you had knowledge from time to time of the 
official correspondence between the Patent Office and your solicitor 
with reference to your interfering application ? 

A. Yes. 

59th Cross-Q. You were personally present when depositions on 
the part of Mr. Gray were taken in the telephone interferences in 
May, 1880, in Chicago, were you not? 

A. I was present part of the time. 

60th Cross-Q. At that time, or shortly after, you were furnished 
with the printed volumes of the testimony in the “Telephone 
Suites” Bell Co. vs. Dowd, were you not? 

A. Yes; it was shortly after that. 


CrOss-EXAMINATION BY WIA D. Barpwin, Esq., CouNnsEL FOR 
Gray: 


61st Cross-Q. Please state what works on physics, including 
electricity, you had read prior to 1866 ? 

A. Our text-book in school. I think it was Parker's Philos- 
ophy.” I had another text-book beside that, of which I do not re- 
member the name, on the same subject; Tyndall's works on heat, 
light and sound; the American Annual of Scientific Discovery,” 
“The Scientific American,” and encyclopedias and general works 
on the subject of physics, in libraries and book stores. 

62d Cross-Q. Did you ever read Davis’ “Manuel of Mag- 
netism ?” 

A. I don’t remember the book. I never heard of it, to my pres- 
ent knowledge. 


a ho ‘ = 
NS NNN RR —ů ——— — n r e + att 
—— —— — — 


63d Cross-. What led you to use a parchment diaphragm ? 

A. I suppose I used parchment because I had seen it on banjo 
heads, and knew it to be good material for diaphragm. 

64th Cross-Q. Had you any particular object in using an iron 
hoop as a support for your diaphragms, instead of any other ma- 
terial ? 


A. No; I merely made it strong enough to hold the diaphragm 
securely. 

65th Cross-Q. What called your attention to the subject of 
electrical transmission of sounds April, 1874, as stated in your 21st 
answer ? 

A. It was called to the subject again through general study of 
electricity and by looking over my drawings. 

66th Cross-Q. When did you first hear of Elisha Gray's inven- 
tion of the harmonic telegraph or telephone ? 

A. I think the first I ever heard of Mr. Gray's inventions was in 
April, 1875. 

67th Cross-Q. Had you, prior to April, 1874, any acquaintance 
among the telegraphic fraternity of Chicago ? 

A. No general acquaintance. 

68th Cross-Q. How much of your time did you spend in England 
between May and November, 1874? 

A. At different times ; three or four weeks. 

69th Cross-Q. Did you meet Gray while abroad or hear of his 
telephonic inventions ? 

A. I did not meet him. I have no remembrance of his inventions 
prior to the spring of 1875. 

70th Cross-Q. Was it Gray's exhibition of a musical telephone 
that you read of in the “ Chicago Tribune ” of April 22, 1875? 

A. Yes, it was. 

71st Cross-Q. What led you to select tin or tinned iron for the 
cases of your instrument of May, 1875 

A. It was because it was easy to make them of that and it was 
cheap. 

72d Cross-Q. Why did you make them in the shape of the frus- 
trum of a cone instead of cylindrical ? 

A. I don’t believe I had any particular object in having them 
constructed in that way. 

73d Cross-Q. Had you any particular object in making them of 
the diameter you did? 

A. No; only to keep them from costing too much. 
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74th Cross-Q. What particular object had you in using a German 
silver patch on the transmitting diaphragm ? 

A. No particular object as to the metal. I could get a light, 
hard piece of metal that way, which was a conductor of electricity. 

75th Cross-Q. Did you meet Elisha Gray during your visit to 
Highland Park, July 4, 1875, referred to in your 36th answer ? 

A. No; the first time I ever met Mr. Gray was at a lecture in 
McCormick Hall in this city in 1878, I think. 

76th Cross-Q. On what ground were you urged by those around 
you to file your interfering application, as stated in your 47th an- 
swer? 

A. I told them that it would be my luck to have somebody else 
get ahead of me, and I worried over it somewhat, and they urged 
me to make my application because I had got good results and ought 
not to wait. 

77th Cross-Q. Have you assigned or agreed to-assign this inven- 
tion or any-interest therein to any one, or do you still own the ‘en- 

tire interest? 

A. I have made a provisional contract to assign my patents in 
regard to this invention, which I may hereafter obtain, to the 
American Bell Telephone Company. 

78th Cross-Q. When was this contract made ? 

A. It was about the first day of November, 1880. 

79th Cross-Q. Is that contract verbal or in writing? 

A. In writing. 

Counsel for Gray calls for the production of the contract, 
that it or such portions of it as may be deemed material may 
be used as evidence in the case. 

Witness states that the contract with the American Bell 
Telephone Company is a private contract, his compensation 
depending upon his obtaining a patent for his invention, and 
that under instructions from his counsel he declines to produce 
said contract. 


Further cross-examination declined by counsel for Gray. 
James W. McDonovan. 


Subscribed and sworn to before 
me this 24th day of January, 
A. D. 1881. 
I. 8.] Frepertck A. HErrine, 
Notary Public. 


January 24, 1881, 12 o clock, M. 
Examination adjourned to 2 O clock, P. M., to-day, at same 
F. A. HErnina, 
Notary Public. 


January 24, A. D. 1881, 2 o’clock P. M. 
Examination resumed at same place. 
F. A. Herre, 
Notary Public. 


Frank L. Eastman, being first duly sworn, does depose and say, 
in answer to interrogatories proposed to him by N. C. Gridley, Esq., 
counsel for James W. McDonough, as follows, vis: 

Ist Q. What is your name, age, residence and occupation? 

A. Frank L. Eastman; thirty years of age; residence, 385 West 
Randolph street, Chicago, Illinois, and my occupation is that of a 
furniture manufacturer. Am of the firm of Eastman & Wilkins, and 
am a brother-in-law of James W. McDonough. 

2d. Are you acquainted with the subject matter involved in this 
interference ? 

A. Yes, sir; I believe I am. 

3d C. When, for the first time, was your attention called to the 
idea of transmitting sound or articulate speech, telegraphically or by 
means of what is now known as a telephone, and by whom and 
under what circumstances ? 

A. It was some time in the spring of 1874, by Mr. J. W. Mc- 
Donough. We were looking through a book in which he had some 
drawings of different instruments. He said he thought it was pos- 
sible to send speech over a wire. There was other talk about it, but 
that is about all that was said about it at that time. He showed me 
a drawing of a machine that he had made previously for that pur- 


A ets LPT ~ — — — 
9 el . 


pose. 
4th Q. Where did this conversation take place ? 
A. At our house, No. 584 West Washington street, Chicago. 
5th Q. Can you name more particularly the month and day of 
the month? 3 
A It was before the first of May; I can’t give it any closer than 


that. 


6th Q. Were you a member of the same family with Mr. Me- 
Donough at that time? 

A. I was boarding with his family. 

7th O. Please look at the book now handed you and state whether 
or not that is the book to which Mr. McDonough called your atten- 
tion ? 

A. Yes, sir; it is. 

Sth Q. Please identify and point out, if you can, the drawing in 
that book to which he directed your attention? 

A. I can’t positively identify it, but I think that this drawing is 
the one. 


Referring to the drawing marked “ McDonough Drawing, 
August 26, 1871.” F. A. Herring, Notary Public. 


9th Q. What further was said, if anything, by Mr. McDonough to 
you at that time, in reference to his idea of telegraphic transmission 
of sound and speech ? 

A. Nothing that I can remember. 

10th Q. State when your attention was next called to this sub- 
ject—where, by whom, and under what circumstances ? 

A. It was in April, I think, 1875, by Mr. McDonough, as we 
were coming home together. He asked me if I had read a notice in 
a paper in regard to sending musical tone sounds through wire. I 
told him that I had not, and he gave me a description of the notice, 
and he said, “ Frank, I know that I can make a machine that will 
send speech over a wire; and I said, If you know you can do it, 
why don’t you?” He then asked me if I remembered his speaking 
about it the year before. As soon as we reached the house, he 
got this book with his drawings and showed me this sketch of this 
instrument, which he had shown me the year before; he then went 
into the garret and picked out from an old box several pieces of a 
telegraphic machine, an old magnet, and a lot of wire, which he 
said he had used previously in some experiments, and he said he 
would fix them up and try and make a machine, or what is now 
called a telephone. 

llth Q. Did he state at that time what he expected to ac- 
complish by the machine that he proposed to make? 

A. Yes; he said with such a machine it would be possible for 
one person to talk with another through a wire from Chicago to 
New York ; and he gave several other illustrations of its use. 


12th Q. What circumstances, if any, enable you to fix the date 
of this conversation as taking place in April, 1875 ? | 

A. I know it was a short time before we removed to number 
72 Warren avenue; we moved to 72 Warren avenue about the first 
of May, 1875. 

13th Q. Please state, if you know, what Mr. McDonough next did 
toward the development of his idea for the transmission of articulate 
speech telegraphically, and how soon after moving into the Warren 
avenue house ? 

A. I do not remember anything that was done by Mr. Me- 
Donough until after we removed to Warren avenue ; but within a 
few days after removal he commenced his experiments on this 
machine. 

The first instrument that I remember I will describe as near as 
I can: 

He had a tin cylinder made, I should say it was five or six 
inches in diameter. Over one end of this he pasted a piece of 
parchment. On to the outside of the parchment he pasted a piece 
of metal. There were two of these tin cylinders, both about the 
same thing. Then he made a wooden arm or bracket, which over- 
hung the cylinder. He made a hole in one end of the bracket 
and placed a common needle through the hole, which reached down 
and rested on the piece of metal, the top of the needle projecting 
through the hole in the bracket. 

He attached a wire to the piece of metal which was pasted on to 
the parchment, and to the top of the needle he attached a piece of 
tin foil; to this tin foil he attached another wire. Both of these 
wires ran from this tin cylinder which was located in a rear room of 
our house into a front room where these wires were connected with 
a magnet and a battery in some way. In this front room he placed 
the other cylinder before the magnet. 

That is as close a description as I can give of the instrument 
which he first made. 

14th Q. State, if you can, how the magnet was constructed and 
how arranged in front of the cylinder provided with parchment in 
the front room ? 

A. As I remember it, the magnet was made from a piece of bent 
iron in the shape of something like a horse-shoe. This iron was 
wound round with a wire, and was raised up in some way so that 
he two ends of the magnet were opposite the middle of the cylinder 


and opposite the piece of metal which was pasted on the parch- 
ment. 

15th Q. Please look at the instruments now shown you and 
marked respectively “McDonough Receiver Exhibit No. 1,” and 
““ McDonough Transmitter Exhibit No. 2,” and state how they com- 
pare with the instruments you have described, and if different in 
any particulars, state wherein ? 

A. They are almost exactly the same thing; I think that this 
magnet and the wire which is wound around it are not exactly the 
same as the instrument I described. 

I think that the piece of iron forming the magnet was longer, 
but I can’t see any other difference ; yes, there was more wire sur- 
rounding the piece of iron, as I remember it; there may be some 
other difference, but these are about the same instruments. 

After some experiments with the needle of the transmitter run- 
ning through the hole in the wood, Mr. McDonough inserted a 
piece of glass tube through the hole in the bracket and ran the 
needle through the glass tube, as he said there was too much fric- 
tion with the needle running against the wood ; he also took off the 
piece of tin foil and replaced it with a piece of spring steel, I believe 
it was, and afterwards with a piece of German silver. 

16th Q. State what experiments, if any, were made by Mr. 
McDonough with the instrumentalities you have described, who 
assisted him in making such experiments, and state particularly the 
results produced ? 

A. The experiment was made of talking and singing into the 
transmitter ; I assisted him at different times when we were home 
together; at other times he was assisted by his sister and his 
brother and Mr. Wilsey. 

The results from these experiments as heard at the other end or 
in the receiver was a variation of rattling sound and musical 
tones. 

17th Q. What change, if any, was made at this time in the posi- 
tion of the transmitter and receiver relatively to each other, and if 
any made, why so made? 

A. We found that the talking and singing could be heard through 
the walls of the rooms, and so the transmitter was carried down on 
the first floor into the rear room of the house, where there was no 
interference from the sound of the voices coming through the doors 
or wall. 
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We made many experiments with this machine, and at times we 
could distinguish the tune that was sung. 

18th Q. State whether or not there were any changes made in 
the instrumentalities or devices you have described, and if so what 
changes, by whom, and what were the results produced consequent 


upon such changes ? 
A. The tin cylinders were changed for large iron rings fitted up with 


parchment in about the same manner as Mr. McDonough thought 


the diaphragm or parchment was too small in the tin cylinders. 
Instead of one piece of metal being pasted on to the parchment 
of the transmitter there were two and Mr. McDonough gave up the 


needle, as he could find no way to keep it from jumping, and the 


needle was replaced by a piece of thin metal in shape like an in- 
verted V with a square top toit. The feet of this piece of metal 
were placed, one on each of the strips of metal which were pasted on 
to the parchment, and through the top of this V-shaped piece of 
metal was run a wire through the parchment and fastened on the 
under side of the parchment I believe. The top of this wire was sup- 
plied with a nut by mea;s of which this metal arch could be held 
firmly down on to the diaphragm or loosened as desired. The tin 
cylinder at the receiving end was also changed for a large iron ring 
covered with parchment and with a metal strip pasted to it. 

By experiments with this new machine we were able to recog- 
nize the voice of the person singing, the tune that was sung and 
many of the words of the tune, also, we could understand words that 
were spoken, and could recognize the voice of the person speaking. 

19th Q. Please look at the instruments now shown you and 
marked respectively, “McDonough Transmitter Exhibit No. 3,” and 
“ McDonough Receiver Exhibit No. 4,” and state how they compare 
with the instruments constructed by Mr. McDonough as last de- 
scribed by you? 

A. They are substantially the same instruments in the construc- 
tion. 

I should have said in my description of the transmitter that one 
wire was attached to each of the two strips of metal that were pasted 
on to the parchment. 

20th Q. If you recollect, state what experiment was made, if any, 
by Mr. McDonough, for holding the arch-shaped piece of metal or 
circuit-breaker in position, prior to his making use of the screw pin 
and nut, as shown in this instrument ? 

A. He first tied the metal arch down with a piece of string run- 
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ning through the top of the arch, and, I believe, through the parch- 
ment, and tightening the string by twisting it, but he found he could 
not regulate the instrument fine enough with the string, and so he 
replaced it with the nut and bolt. 

21st Q. How often did you operate the instruments as last con- 
structed by Mr. McDonough and as shown in these exhibits, in con- 
nection with Mr. McDonough ; and state, if you now recollect, 
what tunes or songs and what spoken words you heard at the re- 
ceiver ? 

A. I assisted Mr. McDonough in operating the machine whenever 
I had time, and we were home together generally every evening, and 
I guess we exhausted all the songs we ever heard. 

I can give you the names of a few of them, others I don’t remem- 
ber. They were Swanee River,“ Down in the Coal Mine,” Old 
Zip Coon” and others that I have forgotten. I heard many of the 
words of these songs, exactly which words I can’t remember. 

I also heard Mr. McDonough say: “ manos, Frank!” and other 
words that I can’t remember now. 

22d Q. At the time of operating the instruments, as last spoken 
of by you, what was the distance between the receiver and the trans- 
mitter, and state whether or not the doors and transoms of the 
rooms in which the instruments were placed respectively were open 
or closed ? 

A. The distance between the receiver and transmitter I should 
say was between seventy and a hundred feet, one being in the 
front room of the second floor, and the other in the rear room of the 
first floor. 

The doors and transoms were shut as tight as we could make 
them. 

23d Q. Please describe the course of the circuit wires from the 
transmitter to the receiver and how they were held in position ? 

A. I don’t know as I can describe it exactly, but as near 
as I can remember it was as follows, viz.: The trans- 
mitter stood on a table in the rear room of the first floor. The wires 
ran first to the chandelier, through the transom, across the parlor, 
and through that to a room upstairs, through a long hall, over a 
transom, and were fastened to a chandelier, and from that down to 
the battery and magnet. They were held in position by shutting 
the transoms on to the wires and by winding the wires around the 
gas fixtures. 


— 
es 81 n 
— a 4 = 
POS en ee 4 
a * N * n * = a 4 
5 — * * * 1 8 * 
* — ae 


488 


4.30 O clock P. M., January 24, 1881. 


Examination adjourned to to-morrow at 9.30 A. M., at same place. 
F. A. HEnnma, 
Notary Public. 


Jan 25, A. D. 1881, 
9.30 o clock A. M. 


Examination resumed, all the parties being present. 
F. A. HERRING, 
Notary Public. 


24th Q. When were the devices or instrumentalities completed and 
operated, and the results produced by Mr. McDonough with your 
assistance as last described by you? 

A. I remember that it was before the 4th of July, 1875, and after 
we moved into the Warren avenue house. I remember this from the 
fact that on the 4th of July, 1875, I, with Mr. McDonough’s family, 
went to Highland Park, on a picnic, and while at Highland Park 
the subject of this telephone was discussed. I also remember that 
it was previous to the 26th day of June, 1875. On the 26th day of 
June, 1875, I left Chicago to visit my father and mother in Michigan, 
and told them of Mr. McDonough’s experiment with this machine, 
and the results obtained. While at the breakfast table I said, “ Now, 
if we only had Mac’s machine rigged up we could ask them what 
they were having for breakfast in Chicago.” 

25th Q. After the results produced by Mr. McDonough with the in- 
strumentalities described by you, what further, if anything, was done 
by Mr. McDonough with such devices or instrumentalities, or others, 
and when ? 

A. Mr. McDonough made a number of other machines and 
changes in this machine, hoping to increase the volume of sound 
and the distinctness. This was during the fall of 1875. 

26th Q. Do you know of Mr. McDonough’s making a visit to Eu- 
rope at any time, and if so, when and for what purpose? 

A. Yes, sir; Mr. McDonough went to Europe some time in the 
spring of 1874. I think he left Chicago in May. He went for the 
benefit of his health, he having been in very poor health from the 
time that I first became acquainted with him, which was in 1872, I 
believe, 
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CrO8S-EXAMINATION BY J. J. Sronnow, Esq., COUNSEL FoR BELL: 


27th Cross-Q. When did you first become an inmate of Mr. Me- 
Donough’s household ? 

A. In 1873, May or June. 

28th Cross-Q. Have you lived together ever since ? 

A. Yes, sir. 

29th Cross-Q. In “ McDonough’s transmitter, Exhibit No. 3,” the 
ends of the bridge-piece are turned up like Vs, so that only the folded 
edges rest on the German silver contact pieces. Were they turned 
up in that manner the first time you saw the original, of which this 
Exhibit purports to be a reproduction ? 

A. I believe they were. 

30th Cross-Q. Why were they turned up so, instead of being 
allowed to rest flat on the contact pieces ? 

A. That I do not know. 

31st Cross-Q. When did you last see the original of which you 
say said Exhibit No. 3 is a reproduction? | 

A. I have seen it a number of times since the first experiments 
with it, but don’t remember when I last saw it. 

32d Cross-Q. Where did you last see it? 

A. I think it was at No. 72 Warren avenue. 

33d Cross-Q. What part of the house? 

A. I don’t remember that. 

34th Cross-Q. What became of it afterwards ? 

A. I do not know. 

35th Cross-Q. Then you don't remember when you saw it last, or 
where you saw it last, nor what came of it afterwards, do you? 

A. I said before that I thought I saw it at No. 72 Warren avenue 
after the time we made our first experiments with it; what became 
of it afterwards I do not know. 

36th Cross-Q. But you don’t remember what part of the house 
you saw it in, do you, on the last occasion ? 

A. No, sir. 

37th Cross-Q. When and where did you last see the original of 
which you say McDonough’s Receiver No. 4 is a reproduction ? 

A. At No. 72 Warren avenue, at the same time that I saw the 
transmitter. 

38th Cross-Q. Can’t you fix the time and place any more defi- 
nite, yet, than that? 

A. No, sir. 
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4.30 o’clock P. M., January 24, 1881. 


Examination adjourned to to-morrow at 9.30 A. M., at same place. 
F. A. Herrinea, 
Notary Public. 


Jan 25, A. D. 1881, 
9.30 o’clock A. M. 


Examination resumed, all the parties being present. 
F. A. HERRING, 
Notary Public. 


24th Q. When were the devices or instrumentalities completed and 
operated, and the results produced by Mr. McDonough with your 
assistance as last described by you? 

A. Iremember that it was before the 4th of July, 1875, and after 
we moved into the Warren avenue house. I remember this from the 
fact that on the 4th of July, 1875, I, with Mr. McDonough’s family, 
went to Highland Park, on a picnic, and while at Highland Park 
the subject of this telephone was discussed. I also remember that 
it was previous to the 26th day of June, 1875. On the 26th day of 
June, 1875, I left Chicago to visit my father and mother in Michigan, 
and told them of Mr. McDonough’s experiment with this machine, 
and the results obtained. While at the breakfast table I said, Now, 
if we only had Mac's machine rigged up we could ask them what 
they were having for breakfast in Chicago.” 

25th Q. After the results produced by Mr. McDonough with the in- 
strumentalities described by you, what further, if anything, was done 
by Mr. McDonough with such devices or instrumentalities, or others, 
and when ? 

A. Mr. McDonough made a number of other machines and 
changes in this machine, hoping to increase the volume of sound 
and the distinctness. This was during the fall of 1875. 

26th Q. Do you know of Mr. McDonough’s making a visit to Eu- 
rope at any time, and if so, when and for what purpose ? 

A. Yes, sir; Mr. McDonough went to Europe some time in the 
spring of 1874. I think he left Chicago in May. He went for the 
benefit of his health, he having been in very poor health from the 
time that I first became acquainted with him, which was in 1872, I 
believe, 


Cross-EXAMINATION BY J. J. Sronnow, ESO., CounsEL For BELL: 


27th Cross-. When did you first become an inmate of Mr. Mo- 
Donough’s household ? 

A. In 1873, May or June. 

28th Cross-Q. Have you lived together ever since ? 

A. Yes, air. 

29th Cross-Q. In McDonough’s transmitter, Exhibit No. 3.“ the 
ends of the bridge-piece are turned up like Vs, so that only the folded 
edges rest on the German silver contact pieces. Were they turned 
up in that manner the first time you saw the original, of which this 
Exhibit purports to be a reproduction ? 

A. I believe they were. 

30th Cross-Q. Why were they turned up s0, instead of being 
allowed to rest flat on the contact pieces ? 

A. That I do not know. 

31st Cross-. When did you last see the original of which you 
say said Exhibit No. 3 is a reproduction? 

A. I have seen it a number of times since the first experiments 
with it, but don’t remember when I last saw it. 

32d Cross-Q. Where did you last see it? 

A. I think it was at No. 72 Warren avenue. 

33d Cross-Q. What part of the house? 

A. I don’t remember that. 

34th Cross-Q. What became of it afterwards ? 

A. I do not know. 

35th Cross-Q. Then you don’t remember when you saw it last, or 
where you saw it last, nor what came of it afterwards, do you? 

A. I said before that I thought I saw it at No. 72 Warren avenue 
after the time we made our first experiments with it; what became 
of it afterwards I do not know. 

36th Cross-Q. But you don’t remember what part of the house 
you saw it in, do you, on the last occasion ? 

A. No, sir. 

37th Cross-Q. When and where did you last see the original of 
which you say McDonough’s Receiver No. 4 is a reproduction ? 

A. At No. 72 Warren avenue, at the same time that I saw the 
transmitter. 

38th Cross-Q. Can’t you fix the time and place any more defi- 
nite, yet, than that? 

A. No, sir. 
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39th Cross-Q. When and where did you last see the original of 
which you say “McDonough’s Transmitter No. 2” is a reproduc- 
tion ? 

A. I remember having seen it at No. 72 Warren avenue, in 1875, 
after July Ist; I can’t fix any particular date—probably saw it 
many times. 

40th Cross-Q. When did you first see these reproductions Trans- 
mitter Exhibit No. 3, and Receiver Exhibit No. 4? 

A. I first saw them, as they are now, within the last ten days. 

41st Cross-Q. What condition were they in when you saw them 
before that? 

A. I can’t say that I ever saw them before that. 

42d Cross-Q. When did Mr. McDonough make these * 
Exhibits ? 

A. I do not know. 

43d Cross-Q. When did you first know that they were made, or 
that he was making them? 

A. I first knew that they were made at the time I first saw them 
within the last ten days. 

44th Cross-Q. Before that time you had heard that they were 
being made or were to be made, had you not ? 

A. I believe Mr. McDonough said that he was making or fixing 
something of the kind in his work room, but I had not seen them. 

45th Cross-Q. When did you first see the instruments now on 
the table before you, Receiver Exhibit No. 1 and “Transmitter Ex- 
hibit No. 2?” 

A. I first saw them here in this office yesterday, as they are 
now. 

46th Cross-Q. What condition were they in when you saw them 
the last time before yesterday ? 

A. I believe they were in about the same condition, with the 
exception of the magnet and wire. 

47th Cross-Q. What difference was there in the magnet and wire 
at that time ? 

A. I can’t tell the exact difference except that this, I believe ; 
not the same piece of iron in the magnet nor the same wire. 

48th Cross-Q. What was that occasion which you refer to when 
you saw them with a different magnet and a different wire ? 

A. That was in June, 1875. 

49th Cross-Q. Do you mean that you didn’t see them between 


June, 1875, and yesterday ? 
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A. Well, I never saw them as they are now till yesterday. I 
have seen the tin cylinders since June, 1875. 

50th Cross-Q. What is the difference between the condition they 
are now in and the condition they were in on the occasion when 
you last saw them before yesterday ; I refer to the two instruments 
No. 1 and No. 2? 

A. At the time I last saw this transmitter, No. 2, I should say it 
was in the same shape that it is now, but the Receiver No. 1 either 
had no magnet at all before it or else it was a different magnet from 
this one. 

51st Cross-Q. Now, please give the date of the occasion referred 
to in your last answer ? 

A. That was some time in 1875 after Mr. McDonough had 
stupped using them. 

52d Cross-Q. When you first saw the Exhibits No. 3 and No. 4, 
were they exactly in the same condition that they are now in? 

A. No, sir; they were connected with wires and with a battery, 
I believe. 

53d Cross-Q. When was that ? 

A. That was within the last ten days. 

Bath Cross-Q. Were the instruments a 
connecting wire and battery, on that occasion in the same condition 
they are now in, in all their parts, or have any parts in them been 
changed or replaced since? 

A. I think they were in the same condition that they are now 
in; I can see no difference. 

55th Cross-Q. Where were they on that occasion ? 

A. They were at No. 385 West Randolph street, where Mr. 
McDonough und I reside. 

56th Cross-Q. Was that the first time when you saw a couple of 
instruments made and intended to be reproductions of the origi- 
nals, which you say No. 3 and No. 4 are reproductions of ? 

A. I am not certain about that. Mr. McDonough made a num- 
ber of machines since the original, and I may have seen them; I 
don’t remember positively. 

57th Cross-Q. Have you, at any time within the last year, seen any 
instruments which purported to be, or were supposed to be, repro- 
ductions of the originals of which you say Nos. 3and 4 are repro- 
ductions ? 

A. I do not remember to have seen any. 
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Further cross-examination waived by counsel for Gray. 


Frank L. EasTMan. 


Subscribed and sworn to before me, 
this 25th day of January, A. D. 
1881. 
[SEAL] FREDERICK A. HERRING, 
Notary Public. 


JEREMIAH E. Wiisey, being first duly sworn, does depose and say 
in answer to interrogatories proposed to him by N. C. Gridley, Esq., 
counsel for James W. McDonough, as follows, viz: 

First Question. What is your name, age, residence and occupa- 
tion ? 

A. Jeremiah E. Wilsey; fifty-five years of age; No. 385 Ran- 
dolph street, Chicago, and I have not been doing anything for the 
last two years. I am out of business. 

2d Q. Prior to the last two years, in what business were you 
engaged, and of what firm or firms were you a member? 

A. I was engaged in the furniture, general upholstering business, 
and was a member of the firm of McDonough, Wilsey & Co., last. 

3d Q. Are you acquainted with James W. McDonough one of 
the parties to this interference, and how long have you known him? 
A. Yes, sir; I am acquainted with him. I have known him 
since he was about five or six years old. 

4th Q. Are you related to him by blood or marriage, and how 
long has he been a member of your family ? 

A. I am related to him by marriage; I am his step-father. He 
has been a member of my family ever since 1852. 

5th Q. Have you been informed as to the subject matter in- 
volved in this interference? 

A. Yes, sir. 

6th Q. Please state when, for the first time, the idea of trans- 
mitting sounds telegraphically was made known to you, where, by 
whom, and under what circumstances ? 

A. I think it was in 1867. Mr. McDonough told me he thought 
he could send sound over telegraph wire. It was at No. 114 South 
Jefferson street, Chicago, where we lived at that time. 

I think he was sick at the time. I have an impression it was 
from a fractured leg. He had a book with him and some drawings 
and pencils. He had some papers in the book with the drawings ; 
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he was drawing in the book. I don’t recollect any of the drawings 
now in the book, with the exception of one, and that was a machine 
for counting envelopes or something of that description. And I 
was asking him what they were, and he told me what they were; 
and among other things he told what he thought he could do 
with the telegraph. 

7th Q. What time in the year 1867 was it that you had this con- 
versation with Mr. McDonough ? 

A. I couldn’t tell. I couldn't recollect. 

8th Q. State whether or not Mr. McDonough, at or about the 
time referred to, exhibited any taste for experimenting ; and if so, 
state what, if any, instruments he had with which he was experi- 
menting at or about that time. 

A. Yes, sir; he had been working previous to that time in pho- 
tography ; he also had patented, previous to this, a lounge. I be- 
lieve he has always been experimenting on something for the last 
sixteen years. The only instruments I knew him having there was 
a small magnet, a little cup, a battery, I believe they call them, and 
some wire. He had chemicals of different things, with which he was 
experimenting in his photography. That is all that I know of. 

9th Q. Did you ever, at any time, and when for the first time, 
know of the transmission and reproduction of sounds, telegraph- 
ically, where and under what circumstance, and by whom were such 
results produced. 

A. Yes, sir; I heard sounds transmitted over the wire at No. 72 
Warren avenue, in the spring of 1875, by Mr. McDonough. The 
circumstances were these: I arrived home in the fore part of June, 
I think it was about the 11th or 12th, I am not positive as to dates. 
I found wires running down the stairway of his room into the back 
parlor. I asked Mr. McDonough what it was. He told me that he 
was experimenting in getting sounds over the wire. 

I saw those for three or four days. I don't recollect for how long 
they remained up there. I could hear a sound when they were 
singing below, but that was all. I paid very little attention to it at 
that time. 

10th Q. Where were you when you heard sounds when they were 
singing—in what part of the house, and what instrument, if any, 
did you listen at? 

A. I was in his room, second floor front room. It was a couple 
of small tin instruments covered with some skin of some kind, thin 
membrane. 


llth Q. Were there two of the tin instruments covered with 
skin or membrane in the same room in which you were listening? 

A. No, sir; not when I heard them. 

12th Q. Can you describe the instrumentalities or devices made 
use of by Mr. McDonough at the time you heard the sound referred 
to by you, where the instruments were situated in the house, and 
how connected ? 

A. I don’t think I can, only in a general way. As nearly as I 
can recollect there was one small tin instrument in his room, and the 
other one he would remove from one room to another just for con- 
venience. The one that they sang on to they would move around. 
There was a wire attached to the one and attached to a battery that 
was in his room. I don’t recollect of the battery being in his room ; 
it was generally sitting by the one they sang by. 

13th Q. Can you give a more particular description of the in- 
strument that they sung at or onto, how was it constructed ? 

A. I'll try; as near as I can recollect it was a tin, I should say 
about six inches high, by about four or five inches across; it was 
covered with thin membrane on top ; it had on the top of it (the 
one I am describing), I think, a small piece of metal, the wires were 
attached to this, just what they were attached to I cannot describe, 
for I don’t recollect. It had a needle, or something like a needle, 
with a piece of bright substance, I don’t know what it was, whether 
it was tin foil or a piece of tin; that was connected with a smaller 
wire to a larger wire that was on the tin that they sung on to. 

Those wires were connected with a magnet that stood in front 
of another similar tin ; the other tin stood horizontal, it did not sit 
' upright ; when they sung on the lower one, the vibrations made it 
so you could hear a sound in the upper one. 

14th Q. What was the kind or character of the sound that you 
heard from the upper tin when they sung on the lower one ? 

A. It was a general humming noise; I heard no particular 
sound, more than a general humming noise; I listened very little to 
it. 


JaNuARY 25, 1881, 12.30 o’clock P. M. 


Examination adjourned to 2 Oo clock P. M. 
F. A. HErrine, ä 
Notary Public. 
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January 25, 1881, 2 o’clock P. M. 


Examination resumed, same parties being present. 
F. A. HERRING, 
Notary Public. 


15th Q. State whether or not Mr. McDonough made any changes 
in the instruments you have described, and if so, what changes and 
when ? 

A. Yes, I found some changes; as to when he made them, I 
don’t know. When 1 first saw any changes, it was on my return 
home, some time in the latter part of June, 1875. I then found 
some changes in the former instrument I have described. I found 
he had substituted an iron hoop covered with a thin membrane. 
One of them had two pieces of metal on it fastened to the mem- 
brane, and a screw running down through the centre of it. I sup- 
pose it was a screw, it appeared to hold it to its place. The pieces 
that were fastened on to the membrane was a little piece turned up 
at the end, extended above, to which was attached a small wire to 
each one of those pieces. There were two small pieces, you must 
recollect. The other membrane was similar in size and appearances, 
the other hoop, I should say ; it was a piece of metal of some kind 
(I don’t know what it was) glued or pasted in the centre of it. The 
magnet was placed behind the membrane close to that piece of 
metal. That is the general description of the machine, as near as 
I can recollect. 

16th Q. Please look at the instruments now shown you, marked 
respectively, “McDonough Transmitter, Exhibit No. 3,” and Me- 
Donough Receiver, Exhibit No. 4,” and state how they compare 
with the instruments as you saw then changed on your return home 
in the latter part of June, 1875 ? 

A. I should take them to be substantially the same. 

17th Q. Please state where the instruments, transmitter and 
receiver, were located, respectively, in your house at that time? 

A. This (pointing to transmitter No. 3) was located in the back 
parlor of the first floor, the other was in the front room upstairs. 

18th Q. How were they connected together ? 

A. There were large wires attached to those small ones on No. 
3. There were some batteries setting by the side of this one, No. 
4, and the wire extended up the stairs in connection with No. 4. 
Where they were attached or how they were attached, I don’t know. 


19th Q. Were the instrumentalities or devices, as last described 
by you, operated by Mr. McDonough in your presence or with your 
assistance ; if so, state when, where and how, and what were the re- 
sults obtained ? 

A. Yes, sir; they were in my presence and with my assistance 
both. It was in the latter part of June, the exact date I can’t rec- 
ollect, 1875, at 72 Warren avenue, Chicago. I asked Mr. McDon- 
ough what results he was getting. He told me he was pretty well 
satisfied. I requested him to let me listen in order to hear whether 
I could hear anything or not. I listened at it. At first I heard 
nothing. I concluded that I was a little too far from the machine. 
By getting very close to it I could hear singing. I was able to de- 
termine what tune he was singing. I also was enabled to catch now 
and then a word, that is all. 

20th Q. Was your hearing good or bad at that time? 

A. My hearing was not good at that time, what I would con- 
sider good. 

Ast Q. In what room were you at the time that you listened as 
you have stated, and in what room was Mr. McDonough at the time 
he was singing? : 

A. I was in the front room over the parlor, Mr. McDonough’s 
room, and Mr. McDonough was in the back parlor, down below. 

22d Q. State any fact or circumstance that enables you to fix the 
date of the results produced by the instruments you have described 
in the latter part of June, 1875 ? 

A. I left home about the 11th or 12th of June on business. I re- 
turned the latter part of June, I think the last week in June. I left 
home again, I think, on the 3d July, for Michigan. I didn’t return 
for several days. 

Mr. McDonough also left home and spent the fourth of July 
away. I have no recollection of meeting Mr. McDonough at home 
for some weeks after the fourth of July. Those are the principal 
facts that I have that impress it on my mind that it was the latter 
part of June. 

Mr. McDonough left home again about the 12th or 15th of July, 
to take a vacation for his health, He was gone some five or six 
weeks, as nigh as I can recollect, so I have no recollection of Mr. 
McDonough experimenting until along some time in the fall, as he 
was away from home. 

23d Q. Can you state positively that the operation of the instru- 
ments, and the results produced thereby, as you have described, oc- 
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1875? 

A. Yes, sir. 

24th Q. Atthe dates last spoken of by you, what was the nature of 
your business, and was it such as to take you away from home fre- 
quently or much of your time ? 

A. I was traveling and selling goods for our house. Iwas away 
the bigger part of the time during that year, and the years previous to 
those dates, and I might state that I traveled the bigger part of the 
time while I remained in business. 

25th Q. During the time that you resided in the Warren avenue 
house, and in the months of May, June and July, 1875, who com- 
posed the members of your family ? 

A. Myself, my wife, Mrs. Wilsey, Mr. McDonough, Mr. Eastman 
and my daughter Mrs. Eastman, and John E. McDonough. 


Cross-examination waived by counsel for Bell and by 
counsel for Gray. 


JEREMIAH E. Wusey. 


Subscribed and sworn to before 
me this 25th day of January, 
A. D. 1881. 


(SEAL. ] FREDERICK A. HERRING, 
Notary Public. 


Jom E. McDonoves, being first duly sworn, does depose and 
say, in answer to interrogatories proposed to him by N. C. Gridley, 
Esq., counsel for James W. McDonough, as follows, viz.: 

Ist Q. State your name, age, residence and occupation? 

A. John E. McDonough ; thirty-two years old; residence, Har- 
rison Court Hotel, corner Harrison and Halsted streets, Chicago, 
and am an upholsterer—foreman for Eastman & Wilkins. 

2d Q. Are you a brother of James W. McDonough, one of the 
parties to this interference ? 

A. Yes, sir. 

3d Q. Where and with whom did you reside during the months 
of May and June and thereafter during the year 1875? 

A. With Mr. Wilsey at No. 72 Warren avenue, Chicago. 

4th Q. State when, for the first time, you had knowledge of the 
transmission and reproduction of articulate sound or speech tele- 
weer Where and under what circumstances? 
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A. It was at 72 Warren avenue in the latter part of June or near 
the first of July, 1875. I was called to listen by my brother one 
evening while my mother was singing in the parlor of the house, 
and I heard the singing, and slapping my brother on the back and 
saying: By George, Jimmie, you've got it after all.“ 

5th Q. Where were you, in what part of the house and at wha 
were you listening ? 

A. I was in the front room, in the second story of the house, 
and I was listening at a round ring with some parchment on it. 

6th Q. Where was your mother singing at that time? 

A. In the story below—in the back parlor. 

7th Q. Was the door and transom of the room in which you 
were at that time open orclosed? 

A. The door was closed; the transom—I don’t know whether it 
was clearly closed, because the wires run over through the transom. 

8th Q. Did you hear the singing you have spoken of through 
the door or transom, or through the instrument at which you were 

? 

A. Through the instrument. 

9th Q. Could you hear distinctly through the instrument the 
song or tune that was being sung, and any words of the song? 

A. Yes, sir. 

10th Q. Which—either or both ? 


Objected to as leading. 


A. Both. 
llth Q. Please state what you heard through the instrument at 
that time, and all that you heard that you now recollect? 


(Objected to that the witness has already answered upon the 
matter inquired of, and that the inquiry should not be repeated 
after leading questions have been put.) 


A. I heard, “ Down come uncle and aunt,” “Down come sister 
Caturah.” That's about all that I can recollect at the time, of 


12th Q. Can you describe the construction of the instrument at 
which you listened, and its connections at that time ? 

A. Well, I could describe it partly, but I did not know enough 
about it to give the particulars of its construction. 
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13th Q. Describe the instrument, so far as you can, and its con- 
nections ? 

A. It was a round band, or bands, with parchment fastened on 
them, like the parchment on a drum, with a magnet near one of the 
bands. That’s about as near as I could come to it. 

14th Q. With what were the wires connected that you say passed 
through the transom of the door ? 

A. They were connected with the two machines. 

15th Q. Where was the other machine or instrument located ? 

A. In the back parlor of the first floor. 

16th Q. Can you give a description of each construction ; if so, 
describe it ? 

A. It was a round band with parchment on it; it had a kind of 
a V-shaped thing on the parchment, or against it—I don’t re- 
member, hardly, which. That’s about as near as I can describe it. 

17th Q. Did you hear the instruments operated more than once, 
and how soon after the time you have mentioned, if at all? 

A. Yes; I have heard them more or less. I don’t remember, 
really, the times and dates. 

18th Q. How do you fix the date when you first heard the in- 
struments operated, as you have described, as being in the latter 
part of June, 1875 ? 

A. By being sick the first week in July, 1875, and being left at 
the house alone on the fourth of July, 1875. 


CROSS-EXAMINATION BY J. J. Sronnow, COUNSEL FOR BELL: 


19th Cross-. The words, “Down come,” &c., in your 11 
answer, are the words of a song you have often heard your mother 
sing, are they not? 

A. Yes, sir. 

20th Cross-Q. Who was in the room with you on the occasion 
mentioned in your 4th answer? 

A. My brother James. 


_ Cross-examination waived by William D. Baldwin, counsel for 
Gray. j 
Jom E. McDonovas. 

Subscribed and sworn to before 

me this 25th day of January, 

A. D. 1881. 

(smaL.] Faepenice A. Henna, 
Notary Public. 
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Tuomas B. Jerrznv, being first duly sworn, does depose and say, 
in answer to interrogatories proposed to him by N. C. Gridley, Esq., 
counsel for James W. McDonough, as follows, viz. 


Ist Q. What is your name, age, residence, and occupation? 

A. Thomas B. Jeffery, thirty-six years of age; residence, Chicago, 
and occupation a machinist. 

2d Q. Do you know James W. McDonough, one of the parties to 
this interference, and if so, how long have you known him? 

A. I do; since the year 1875. 

3d Q. What time in the year 1875 did you become acquainted 
with him, and under what circumstances ? 

A. Early in the summer or spring of 1875 he came to me at my 
place of business and had me make some portions of a model. 

4th Q. Describe what you did make for him at that time ? 

A. I made one or two, or perhaps three, slender wire screws, 
having two nuts or three nuts on each. 

5th Q. Did Mr. McDonough at that time or afterwards inform 
you what use he intended to make of the wire screws and nuts, or 
had made of them. If so, when, and what did he say? 

A. He told me afterwards, I should judge within six months of 
the time I had made those pieces, that he had constructed and suc- 
cessfully used a telegraph instrument that conveyed speech, and 
that pieces that I made were used in constructing it. 


(Answer objected to on the ground that the applicant cannot 
make his own statements evidence by proving them second-hand.) 


6th Q. Please look at the instrument now shown you, marked 
“McDonough Transmitter Exhibit No. 3,” and state whether you 
recognize any part of it as having been made by you? 

A. I recognize the slender wire screw in the center as being made 
by me ; to the best of my knowledge, I made pieces like that in the 
spring of 1875 for Mr. McDonough. 

7th Q. Did you make this particular wire screw shown in this 
instrument with the nuts and stop attached thereto. If so, how 
lately did you make it? 

A. Well, I believe that I made this; there are no marks about it 
that I can identify it by, but I recollect making a piece like this 
within a few months from the present time for Mr. McDonough. 

8th Q. How does the wire screw with the nuts and stops attached 
thereto, as contained in this Exhibit No. 3, compare with those in 


its construction that you made for Mr. McDonough in the spring or 
early summer of 1875 ? 

A. The construction of this and the other referred to is the 
same, with the exception that the first made were much lighter 
than this in weight, the nuts being a good deal smaller. 


CROSS-EXAMINATION BY J. J. STORROW, COUNSEL FOR BELL: 


9th Cross-Q. Did you in 1875 see the model which the screws 
you made went into? 
A. I did not. 


Cross-examination by oouncel for Gray waived by William 
D. Baldwin, Eg. 
Tuomas B. JEFFERY. 


Subscribed and sworn to before 
me this 25th day of January, 
A. D. 1881. 


FREDERICK A. HERRIne, 
[SEAL.] Notary Public. 


4.45 P. M., January 25, 1881. 
Examination adjourned to 9.30 o’clock A. M. January 26, 1881, 


at the same place. 
F. A. Hmm, 


Notary Public. 


Janvuaky 26, 1881, 9.30 A. M. 
Examination resumed at same place, the same parties being 


present. ä 
F. A. Hmm, 
Notary Public. 


Cum Coss, being first duly sworn, does depose and say, in 
answer to interrogatories proposed to him by N. C. Gridley, Eaq., 
counsel for James W. McDonough, as follows, viz. : 

Ist Question. What is your name, age, residence and occupa- 
tion ? 

A. Calvin Cobb; twenty-eight years; Chicago, No. .333 Ohio 
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street; and my occupation is stationery and fancy goods at No. 
29 Washington street, Chicago. 

2d Q. How long have you been engaged in the stationery and 
fancy goods business in Chicago ? 

A. Since October, 1869. 

3d Q. At what place in Chicago were you engaged in that busi- 
ness in 1875? 

A. At No. 36 Monroe street. 

4th Q. Do you know James W. McDonough, one of the parties 
to this interference, and how long have you known him ? 

A. I do know him. I have known him every since I was a boy. 

5th Q. State whether or not you had a conversation with Mr. 
McDonough at any time in reference to the transmission of articu- 
late speech over a wire by means of electricity, and, if so, state 
when and where that conversation occurred, under what circum- 
stances and what was said by Mr. McDonough and yourself, stating 
as particularly as you can ? 

A. I did have such a conversation with him in the store 
at No. 36 Monroe street, during the month of December before 
Christmas, 1875; the conversation was started from our having in 
the store and on the case a toy; I don’t remember what they called 
it; I can tell you what it was; it was two tin tubes, with one end 
of each covered with a skin, and through which passed a string, con- 
necting the two pieces; I believe it was called “The Lovers’ Tele- 
graph; Mr. McDonough picked up this instrument, and in speak- 
ing of its use he mentioned that he had an electric instrument at 
home with which he could speak from one part of the house, down 
stairs, to another part upstairs, and, as I understood, removed as 
far apart as they could be in the house ; I don’t remember any more 
than that fact being stated ; I can’t remember the words; that was 
the fact that was stated to me. 


Objected to on the ground that the applicant cannot prove 
facts by proving his own statements. 


6th Q. Who was present, if any one, at the time you had this 
conversation with Mr. McDonough ? 

A. The conversation took place in the store ; I cannot state who 
was present, probably the employees; may be customers that might 
have been in the store; no one was present and took part in this 
particular conversation, 


7th Q. State whether or not you mentioned or made known what 
Mr. McDonough had stated to you in this conversation to any per- 
son, and how soon thereafter, and to whom ? 

A. I did mention it within a day or two to my father, Mr. L. N. 
Cobb. 

8th Q. Who was present at the time you mentioned it to your 
father, and, if you recollect, state what was said to your father ? 

A. I don’t remember. 


CROSS-EXAMINATION BY Mn. J. J. STORROW, COUNSEL FOR BELL. 


9th Cross-Q. Where did you get “The Lover’s Telegraph,” that 
you have referred to? 

A. The invoice shipped to us from S. Brainard & Sons, from 
Cleveland, Ohio; they were agents for the manufacturers in Cleve- 
land. 

10th Cross-Q. Who were the manufacturers ? 

A. I think the name was Wetmore & Co., of Cleveland. 

11th Cross-Q. When did you receive them? 

A. About the first part of December, 1875. 

12th Cross-Q. How did you come to order them ? 

A. I think they were sent to us on sale, without orders. 

13th Cross-Q. Had you ever seen anything of the kind before 
they were sent to you? 

A. No, sir. 

14th Cross-Q. How soon after you received them did they begin 
to be prominently sold on the streets? 

A. I think over a year. 

15th Cross-Q. How soon after you received them did they begin 
to be common in other shops? | 

A. The following October, I believe. 

16th Cross-Q. What enables you to fix the following autumn and 
winter as the time when they began to be common? 

A. It is my impression, merely, that it was some considerable 
time after we received them, and from conversation with wholesale 
toy houses, to whom we offered them for sale, who stated that it 
was too late that season to do anything with them, giving me the 
impression that they would have them the following year. 

17th Cross-. Do you think there were any other houses in 
Chicago besides your own that had them in December, 1875, and 
January, 1876? 


A. I think there may have been. 

18 Cross-Q. Did you know of any for sale anywhere else; if so, 
where ? 

A. I did not. 

19th Cross-Q. Did you, during those two months, furnish any for 
sale, about the streets or in the retail shops; and if so, about how 
many ? : 

A. We did not furnish any for sale about the streets ; I could not 
state that we did not furnish them to retail shops. 

20th Cross-Q. Please to tell me about how many you sold during 
the winter of 1875-'76 ? 

A. I do not remember ;.I think less than a hundred; I think it 
was quite a few. 

Ast Cross-Q. I understand from your testimony that the manu- 
facturers got them out a little too late to get into the Christmas trade, 
and that so far as Chicago was concerned, they didn’t sell much till 
the holiday trade for the next year came around ; is that about the 
substance of it ? 

A. They did get them out too late for the jobbing holiday trade ; 
I don’t know how well they sold the following year. 

22d Cross-Q. Do you know of anybody except Wetmore & Co. 
that manufactured them during the winter of 1875 76? 

A. I Do not. 


Cross-examination waived by Mr. Wm. D. Baldwin, coun- 
sel for Gray. i 


Cam Coss. 
Subscribed and sworn to before 
me this 26th day of January, 
A. D. 1881. 
[SEAL. ] FREDERICK A. HERRING, 
Notary Public. 


Mn. James W. McDonovag, being first duly sworn, says: 


That I expected to call Samuel G. Wilkins as a witness in my be- 


half, but that said Wilkins is now absent from Chicago, in St. Louis; 
that from conversations with said Wilkins, I know that he will tes- 
tify that he visited me at my residence, No. 72 Warren avenue, 
Chicago, for the first time, in the month of September, A. D. 1875 ; 
that he was in my room and saw various electrical instruments, con- 
sisting of diaphragms, magnets and batteries and wires; that he 
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asked me what those instruments were, and that I informed him | 


that they were for sending speech through wires by electricity, and 
I informed him that I had successfully operated them. 
Mr. Wilkins is of the firm of Eastman & Wilkins. 
James W. McDonoveu. 
Subscribed and sworn to before 
this 26th day of January, A. 


D. 1881. 
FREDERICK A. Herrina, 
[SEAL. ] - Notary Public. 


It is admitted by counsel for Bell and counsel for Gray that the 
witness Wilkins, if called, would testify as above stated by Mr. 
McDonough, and it is agreed that the foregoing sworn statement by 
Mr. McDonough may be read in lieu of the deposition of the said 
Wilkins, subject to all legal objections as to competency and 
effect. 

It is also agreed that the testimony and exhibits may remain in 
the custody of the notary until the hearing. 


Commision closed. 


State or III mom, 
County of Cook, 32 

I, Freperick A. Herring, a Notary Public in and for the said 
County of Cook, and State of Illinois, do hereby certify that the 
foregoing depositions of James W. McDonough, Frank L. Eastman, 
Jeremiah E. Wilsey, John E. McDonough, Thomas B. Jeffery, and 
Calvin Cobb, were taken on behalf of James W. McDonough, in 
pursuance of the notices hereto annexed, before me at the office of 
Gridley & Co., room No. 7, No. 135 South Clark street, in the City of 
Chicago, State of Illinois, on the twentieth (20th), twenty-first (21st), 
twenty-second (22d), twenty-fourth (24th), twenty-fifth (25th) and 
twenty-sixth (26th) days of January, A. D. 1881. That each of the 
said witnesses was by me duly sworn to tell the truth, the whole 
truth, and nothing but the truth, before the commencement of this 
P and. Cnhotned agement 
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Eeq.; that George B. Richmond, A. E. Dolbear, T. A. Edison, and 
E. Berliner were not present, either in person or by counsel ; that 
the said testimony was taken at the place aforesaid, and was com- 
menced at ten (10) o'clock, A. M., on the said 20th day of January, 
A. D. 1881, was continued from day to day pursuant to adjourn- 
ment, and was concluded on the said 26th day of January, A. D. 
1881 ; that I am not connected by blood or marriage with either of 
the said parties, nor interested, directly or indirectly, in the matter 
in controversey. 


In testimony thereof, I have hereunto set my hand and affixed my 
seal of office in Chicago, in said County of Cook and State of IIli- 
nois, this 26th day of January, A. D. 1881. 

FREDERICK A. HERRING, 
(SEaL.] Notary Public. 
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STIPULATION OF PARTIES. 
(Wo. 56.) Exhibit Stipulation of Parties. 
J. A. Welch, Special Examiner, May 14, 1884. 
(Introduced in Record, page 13.) 


CIRCUIT COURT OF THE UNITED STATES, 


Soor Disrricr or New York. 
[In Eagurry.] 


— ) 
AmeERICAN BELL TELEPHONE Con- 
PANY ET AL. 


AGAINST 


MOLECULAR TELEPHONE COMPANY ET 
AL. 


STIPULATION. 


It is hereby stipulated and agreed by and between the respec- 
tive parties to the above-entitled cause, as follows, to wit: 

1. The defendants herein may put in evidence the copy of the 
depositions of William M. Goodridge and Elisha Gray, respectively, 
and of the documentary exhibits referred to therein contained in the 
printed record of the case of Bell Telephone Company et al. vs. Peter 
A. Dowd, formerly pending in the Circuit Court of the United States, 
within the District of Massachusetts, and the complainants herein 
may put in evidence the copy of any other deposition or deposi- 
tions, and of the documentary exhibits referred to therein contained 
in the same printed record, and relating to or bearing upon the tes- 
timony of the said William M. Goodridge and Elisha Gray, and 
such copies so put in evidence shall have the same force and effect 
as if the said depositions had been eee oad 
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sive, of the record in the case. of American Bell Telephone Com- 
pany vs. Amos E. Dolbear et al., formerly pending in the Circuit 
Court of the United States, within the District of Massachusetts, 
may also be put in evidence in this cause with the same force and 
effect as though the originals had been produced and duly proved 
herein. The copies of such of the said publications as are men- 
tioned in the defendant’s answer in this cause shall be deemed tw 
have been put in evidence by the defendants, and the remainder 
shall be deemed to have been put in evidence by the complainants, 
but either party shall be at liberty to take further evidence, if need 
be, in relation to the meaning of the originals or any part thereof 
in a foreign language from which the said translations have been 
made. 

3. The defendants and the complainants herein respectively may 
also put in evidence copies of any caveats, patents, applications for 
patents, or other documentary matter not embraced in the publica- 
tions already hereinbefore referred to, contained in the printed rec- 
ords of the following cases formerly pending in the Circuit Court of 
the United States, within the District of Massachusetts, to wit, 
Bell Telephone Company et ul. vs. Peter A. Dowd, American Bell 
Telephone Company vs. Albert Spencer et al., and American Bell 
Telephone Company vs. Amos E. Dolbear et al., and such copies, so 
put in evidence, shall have the same force and effect in this cause 
as though the originals thereof had been produced and duly proved 
herein. 

4. The defendants herein may also put in evidence copies duly 
certified from the Patent Office of the testimony taken on behalf of 
James W. McDonough, and of the documents, drawings and models 
referred to therein as exhibits in the interference designated G 
declared March 26, 1878, between him, Elisha Gray, Amos E. 
Dolbear, Alexander Graham Bell, George B. Richmond, Thomas A. 
Edison and Emile Berliner, and such copies so put in evidence shall 
have the same force and effect as if the said testimony had been 
originally taken, sworn to and filed in this cause. 

5. All the evidence taken and hereafter to be taken in the case 
of the American Bell Telephone Company et al. vs. The People’s 
Telephone Company et al., pending in the Circuit Court of the 
United States, within the Southern District of New York, shall be 
considered and treated as if the evidence for complainants and de- 
fendants respectively in that cause had been taken, sworn to and 
filed on behalf of the complainants and defendants respectively in 


STIPULATION OF PARTIES. 


this cause, and the printed record in that cause shall constitute 
part of the record upon which this cause shall be presented for 
judicial determination at final hearing. 
| Grorce L. Ronzurs, 
Of Counsel for Complainants. 
Mn zn, Pecknam & Dixon, 
Defendant's Attorneys. 
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(No. 57.) Defendants’ Exhibit, Gray's Patent of Feb. ) 
15, 1876. a 
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J. A. W. Sp. Examr. May 20, 1884. 
(Introduced in Record, p. 13.) 


UNITED STATES PATENT OFFICE. 
ELisHA Gray, OF CHiIcaGo, ILLINOIs. 


Improvement in Electro-Harmonie Telegraphe. 


Specification forming part of Letters Patent No. 173,618, dated Feb- 
ruary 15, 1876 ; application filed January 27, 1876. 


To all whom it may concern : 


Be it known that I, Elisha Gray, of Chicago, in the County of 
Cook, and State of Illinois, have invented a new and useful art of 
producing musical impressions or sounds and transmitting said 
sounds telegraphically, as well as improved apparatus for so trans- 
mitting said sounds, of which the following is a specification. 

In Letters Patent of the United States, granted me July 27, 
1875, and numbered, respectively, 166,095 and 166,096, I have shown 
and described methods of transmitting musical impressions or sounds 
telegraphically. 

My present invention relates to means whereby tunes me 
played by a single operator, and reproduced if desired, at a distant 

station by apparatus described in the patents above mentioned, or 
other wavs, for which applications for Letters Patent filed by me 
ana now pending. 

My invention primarily consists in a novel art of producing musi- 
cal impressions or sounds by means of a series of properly tuned 
vibrating reeds or bars thrown into action by means of a series of 
keys opening or closing electric circuits. It also consists in a novel 
art of transmitting tunes so produced through an electric circuit and 
reproducing them at the receiving end of the line. My improvements 
further consist in novel apparatus for the production and transmis- 
sion of such tunes. The subject-matter claimed will hereinafter 
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In the accompanying drawings Figure 1 shows a plan or top view 
of so much only of my improved apparatus as is necessary to illus- 
trate the subject matter herein claimed ; Fig. 2, a vertical transverse 
section there through on the line zz of Fig. 1; Fig. 3, a vertical 
transverse section there through on the line y y of Fig. 2; Fig. 4, a 
bottom plan view of the instrument; and Figs. 5 and 6 represent 
views in perspective of certain details of the mechanism. 

The drawings show an electrical organ of a single octave embody- 
ing my improvements in the best way now known to me; obviously, 
however, the number of the keys may be increased, and the details 
of construction of the instrument may be varied in many well known 
ways without departing from the principle of my invention. 

The mechanism is shown as inclosed in a box or frame A. A 
series of vibrating reeds or electrotomes, 1, 2, 3, 4, 5, 6, 7, 8, each 
tuned to produce a note of different pitch, is showy as mounted in a 
bar, B, secured upon a stout frame. 

The method of constructing and operating these reeds is fully 
shown and described in Letters Patent No. 165,728, granted to me 
July 20, 1875, and need not, therefore, be recapitulated here. Each 
vibrating reed forms part of an electric circuit which is opened and 
closed by its respective key, 1“, T, 3*, 4, 5*, 6, 7*, 8, which takes 
the place of an ordinary Morse key. Each key works on a pivot e 
(see Fig. 2), and has a guide pin, “, to keep it steady. A spiral 
spring, c*, holds the key up and keeps the circuits normally open. 
When a key is depressed, both the main and local circuits are closed 
by springs, D, E, on the under side of the key, which form part of 
the circuit. The keys are in other respects like those of an ordinary 
melodeon. 

To counteract the tendency of one reed to be thrown into sym- 
pathetic vibration by another when sounded, I mount a series of 
stops, /, each on its respective lever P, rocking on a pivot F, and 
provided with a spring f?, by which each stop is normally pressed 
against the end of its vibrating reed after the manner of the damp- 
ers of a piano. The stop is withdrawn from the reed whenever its 
key is depressed, by means of a lever, G, rocking on a fulcrum, g, and 
actuated by a pin, G’, on the key. The vibration of the reed is thus 
instantly stopped as its circuit opens; and is promptly released the 
moment before the circuit closes to throw it into action again. The 
method of running the main and local circuits in this instance is 
similar to that shown in my patent No. 165,728, above mentioned. 

By the mechanism above described the operator is enabled to 


«SR 
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play any desired tune, which will be audible at the spot where 
played and which may be reproduced audibly at a distant station 
by means of the mechanism described in the letters patent of July 
27, 1875, hereinbefore mentioned, as well as by other mechanism 
which forms the subject-matter of applications for letters patent 
filed by me February 23, 1875, and January 8, 1876. 

I claim as my invention : 

1. The improvement in the art of producing musical impres- 
sions or sounds telegraphically, hereinbefore set forth, which con- 
sists in controlling a series of automatically and electrically vibrated 
reeds, producing tones of different pitch, by a series of keys 
arranged organ-fashion and adapted for manipulation by a single 
operator. 

2. The improvement in the. art of producing and transmitting 
tunes telegraphically, which consists in controlling a series of auto- 
matically and electrically vibrated reeds producing tones of differ- 
ent pitch, by a series of keys arranged organ-fashion and adapted 
for manipulation by a single operator, transmitting the tune thus 
produced through an electric circuit and reproducing it at the re- 
ceiving end of the line, substantially in the manner described. 

3. The combination, substantially as hereinbefore set forth, of a 
series of electrically vibrated reeds and a corresponding series of 
keys for controlling them, arranged organ-fashion and adapted for 
manipulation by a single operator. 

4. The combination, substantially as hereinbefore set forth, of 
the vibrating reeds, the keys, and the stops actuated by the keys to 
control the reeds. 

5. The combination, substantially as hereinbefore set forth, of an 
electrical organ, an electric circuit, and a receiver in said circuit 
which reproduces the tune played by the organ. 

In testimony whereof I have hereunto subscribed my 
name. | | 
ELisHa Gray. 
Witnesses : 
E. C. Davipson, 
H. T. Earnest. 
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play any desired tune, which will be audible at the spot where 
played and which may be reproduced audibly at a distant station 
by means of the mechanism described in the letters patent of July 
27, 1875, hereinbefore mentioned, as well as by other mechanism 
which forms the subject-matter of applications for letters patent 
filed by me February 23, 1875, and January 8, 1876. 

I claim as my invention: 

1. The improvement in the art of producing musical impres- 
sions or sounds telegraphically, hereinbefore set forth, which con- 
sists in controlling a series of automatically and electrically vibrated 
reeds, producing tones of different pitch, by a series of keys 
arranged organ-fashion and adapted for manipulation by a single 
operator. 

2. The improvement in the art of producing and transmitting 
tunes telegraphically, which consists in controlling a series of auto- 
matically and electrically vibrated reeds producing tones of differ- 
ent pitch, by a series of keys arranged organ-fashion and adapted 
for manipulation by a single operator, transmitting the tune thus 
produced through an electric circuit and reproducing it at the re- 
ceiving end of the line, substantially in the manner described. 

3. The combination, substantially as hereinbefore set forth, of a 
series of electrically vibrated reeds and a corresponding series of 
keys for controlling them, arranged organ-fashion and adapted for 
manipulation by a single operator. 

4. The combination, substantially as hereinbefore set forth, of 
the vibrating reeds, the keys, and the stops actuated by the keys +o 
control the reeds. 

5. The combination, substantially as hereinbefore set forth, of an 
electrical organ, an electric circuit, and a receiver in said circuit 
which reproduces the tune played by the organ. 

In testimony whereof I have hereunto subscribed my 
name. 


Emm Gray. 


A. G. HOLCOMB. 


N Telegrrph-Relay instrument. 7 | 
No, 28.274. | Patented May 15, 1860. 


Z ntor: 
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(No. 58.) Defendants’ Exhibit, Patent of Alfred G. 
Holcomb. 


J. A. W., Sp. Examiner. May 20, 1884. 
(Introduced in Record, p. 13.) 


UNITED STATES PATENT OFFICE. 


ALFRED G. HoLcomB or New York, N. T. 


Improvement in Telegraphic Instruments. 


Specification forming part of Letters Patent No. 28,274, dated May 
15, 1860. 


To all whom it may concern : 


Be it known that I, Alfred G. Holcomb, of the City, County and 
State of New York, have invented a certain new and useful improve- 
ment in electric telegraph apparatus; and I do hereby declare the 
following to be a full, clear and exact description thereof, reference 
being had to the accompanying drawings, making part of this spec- 
ification. 

The object of my said invention is to increase the movement of 
the armature lever by allaying the residual magnetism in the relay 
magnet after breaking the circuit of the main battery, as hereinaf- 
ter explained ; and the invention further consists in an arrangement 
for increasing the retentive capacity of the electro magnet. 

In the accompanying drawings Fig. 1 is a perspective view of the 
relay magnet. Fig. 2 is a perspective view of my impr oved manip 
ulator. Fig. 3 is a plan of the manipulator with the key removed 
Fig. 4 is an under side view of the key. 

A is the base of the manipulator, provided at its four corners 
with binding-posts BB B* B?, and near the center with metallic 
brackets C C. 2 

D represents a key, the central position of which is of non-con- 
ducting material, separating longitudinally the metallic sides d d. 

e are metallic pivots tapped into the brackets C C. The said 
pivots form the fulcrum of the key D and afford electrical connec- 
tion with its respective sides. | 
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EF GH are metallic points projecting upwards from the base 
A, and each communicating with one end of the respective portions 
d and d of the key as either end is depressed. 

Iisa spring serving to elevate the front end of the key after 
depression, and so retain it while at rest. 

J is the wooden base of the relay-magnet, provided at its four 
corners with binding posts K K K? Ks. 

The magnet L L’ may be of customary construction, but in the 
present illustration is provided with hollow of bush-cores /, of soft 
iron, interposed between the spools and the steel cores F, by which 
means a greater amount of residual magnetism is retained. 

M is the armature-lever, pivoted at the base in customary manner, 
and provided near the top with a platina point,m. The armature 
N may be of either steel or soft iron. 

O is the metallic standard communicating with the vibrating end 
of the armature lever by the platina point o. p is its insulating 

point or stop. The points o and p are fixed in the ends of thumb- 
screws provided with customary check-nuts, as seen in the draw- 
ings. 

Sis the spring employed to draw the armature lever from the 
magnet when released. The said spring is connected by means of 
a silken cord, s, with a thumb screw, T, to permit the adjustment of 
its tension. The tension of the said spring is so adjusted as to 
equal in force the residual magnetism in the cores or armature, and 
thus hold the armature-lever midway between the points o and p, 
when the relay magnet is disconnected from the main battery. 

K? and K“ are the binding posts of the positive and negative 
wires of the local battery, and communicate with the standard O 
and armature-lever M, respectively, by conducting wires passing 
beneath the base. 

~~ The main conducting wires are arranged and connected with the 
J arious parts of the apparatus as shown in the drawings, and as 
w} il be more fully understood from the following explanation of the 
aps paratus : 

. While the apparatus is in its normal position the current passes 
fron i the platina or positive pole of the main battery over the wire 
r to: the binding-post B; thence over the wire 2 beneath the base 
to th? bracket C and pivot e; thence over the side d of the key to 
the point E; thence over the wire 3 beneath the base of the binding 

B, and thence over the line wire 4 to the binding post K of the 
magnet. It is then conducted by a wire beneath the base to the 


» 
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coil I, traverses this and the coil F, and passes over a wire beneath 
the base to the binding post K’ and earth wire 7. 

Fig. 8 is the earth-wire of the main battery, connected to the 
binding post B“ of the manipulator, from whence the current passes 
beneath the base over the wire 9 to the point F; thence over the 
side d of the key to the pivot c“ and bracket C; thence over the 
wire 10 to the binding post B*, and thence over the wire 11 to the 
zinc or negative pole of the main battery. 

The effect of the above-described current is to magnetize the 
cores of the relay magnet and draw the armature lever toward the 
insulating point p, thus breaking the local current. Let the rear 
end of the key D be now elevated from the points E and F, the 
circuit of the main battery will be broken and the magnetism in the 
cores being insufficient to hold the armature lever in contact with 
the insulating point, it will be drawn by the spring S to its point of 
equilibrium between the points o and ; but a further depression 
of the front end of the key, bringing it in contact with the points G 
and H, causes the current to flow from the platina pole over the wire 
1, post B, wire 2, bracket C, side d of key, stud G, wire 12, point F, 
wire 9, post B*, wires 8 and 7, post K’, coils L' and L, post K, wire 
4, post B, wire 3, point E, wire 13, point H, side d of key, bracket 
C, wire 10, post B?, and wire 11, to the zinc pole of the main bat- 
tery, thus reversing the direction of the current through the coils of 
the relay magnet and allaying its residual magnetism by partially 
changing its polarity, the effect of which is to enable the spring S 
to draw the platina point m in close contact with the platina point o, 
and thus complete the local circuit. 

It will be seen that by the above described arrangement of key, 
points and wires, a single motion of the key is made to not only 
break or complete the circuit, as the case may be, but to first break 
it and then complete it in reverse direction, the effect of which is to 
greatly increase the variations of the magnet in its active and inac- 
tive conditions and correspondingly increase the power exerted upon 
the armature lever by the magnet and spring, respectively. 

It is well known that with the apparatus now in common use the 
presence of either electricity or moisture in the atmosphere renders 
it impossible to effect a sufficient movement of the armature to pro- 
duce intelligible signals. By the use of the reverse current I am 
enabled, with a battery of a given power, to work effectually with a 
greater movement of the armature than is otherwise practicable. 

It is not necessary that the residual magnetism should be con- 


fined to the cores of the electro-magnet. It may be in the arma- 
ture or cores by a magnet placed in any suitable position. 


| = 
I claim as new and of my invention herein and desire to secure 
by letters patent: 
| 1. Producing an additional movement of the armature lever by 
| reversing the electrical current in the coils uf the magnet, substanti- 


tially as set forth. 
2. The arrangement of the steel cores F and iron bush cores I, 


in combination with the coils of the electro-magnet. 
In testimony of which invention I hereunto set my hand. 
ALFRED G. HOLCOMB. 
Witnesses : 
Jom S. HoLLINGSHEAD, 
JamEs H. GRIDLEY. 
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William Thomson. 


J. A. W. Sp. Examiner, May 20, 1884. 


[Introduced in Record, p. 13.] 


UNITED STATES PATENT OFFICE. 


Wir. Tomson, or GLasdow, Great Burram. 
Improvement in Electric Telegraph Apparatus. 


Specification forming part of Letters Patent No. 156,897, dated 
November 17, 1884; application filed January 6, 1872. 


To all whom it may concern 


Be it known that I, Sm WILIA THomson, Knight, of Glasgow 
College, Doctor of Laws, and Professor of Natural Philosophy in the 
University and College of Glasgow, in the Kingdom of Great Britain, 
a subject of the Queen of Great Britain, have invented or discovered 
new and useful improvements in Transmitting, Receiving, and Re- 
cording Instruments for Electric Telegraph; and I, the said Sm 
Wil THomson, do hereby declare the nature of the said inven- 
tion, and in what manner the same is to be performed, to be partic- 
ularly described and ascertained in and by the following statement 
thereof, that is to say : 

My said invention consists in improvements of and adjuncts to 
my syphon recorder, whereby it can be used both as a sending and 
receiving instrument, and is also made more sensitive and effective, 
more easily adjusted, and more regularly supplied with sparks. The 
instrument is rendered more sensitive by having each side of the 
suspended or signal coil in a magnetic field. 

Figure 1, sheet 1, shows a front elevation of the suspended coil 
a a aa with a fixed iron core, 5 5, inside it. Fig. 2, sheet 1, shows a 
side elevation of the same coil a a and soft iron core 3 3. Fig. 1, 
sheet 2, shows a front elevation of the same coil and core, similarly 
lettered, in their position between the poles cc of a powerful electro- 
magnet. Fig. 2, sheet 2, shows a side elevation of the case A A 


containing the large magnet, only one pole, ¢, of which is visible in 
this view. 

ö The coil a a a à is made in the form of a long rectangle, and is 

supported at c c, so that it is movable about the middle line paral- 

lel to the long sides. The space between the iron core and the mag- 

net is as narrow as is consistent with freedom of oscillation for the 

coil. 

By this arrangement I obtain the following advantages: The 
force with which the coil is deflected by any given current in this 
arrangement is increased, because by it the short portions only of 
the coil at the top and bottom are not effectively influenced by the 
electro-magnetic force. The length of the top and bottom portions 
of the coil can, by the said arrangement, be greatly reduced, and so 
the mass and moment of inertia of the signal coil are much dimin- 
ished. 

The instrument is rendered more effective and is more easily 
adjusted by the application of graduated shunts to the signal coil, 
to regulate what I designate the damping. This is an effect due to 
induction between the moving coil and the magnet, and its effect 
is to diminish or wholly prevent injurious oscillation in the signal 
coil. One method of producing this effect heretofore adopted con- 
sists in applying a shunt to the receiving coil. I now provide a set 
of shunt coils of graduated resistances with a convenient arrange- 
ment, whether by a plug or slide, for applying the desired degree of 
shunt tothe movable coil. By this means the exact amount of 
damping suitable to each speed of signal can be obtained. This 
system of graduated shunts is also convenient for assisting in the 
adjustment of the sensibility of the instrument. These shunts are, 
for the sake of simplicity, not shown in the drawing, They may be 
placed inside the case A A, and are to be in electrical connection 
with the terminal screws d d, shown at Figs. 1 and 2, sheets 1 and 
2. The received current enters by one of these screws, d, and after 
flowing through the signal coil a a, goes out by the other screw d. 
A portion of the received current is necessarily diverted through the 
shunt. 

Another method of obtaining the required damping is to construct 
the signal coil, wholly or in part, of bare wire, the effect being 
wholly or partially to short circuit the signal coil by contact be- 
tween successive layers. The advantage gained by this plan is ex- 
treme lightness of coil. 

The signal coil, with its soft iron core and suspension, is attached 
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This remov- 
from the i t at Figs. 1 and 2 
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e plate B. together with the soft nn 
almost instantly 
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it between the nut rand the support 7’, but firmly held by the 
screw r and nut when the adjustment is complete. The fibre 

~ joining the siphon and signal-coil is lettered s, Fig. 2, sheet 1. 

The instrument is adjusted as follows: Lengthen or shorten the 
wires e e, to give the required rapidity of oscillation; make the wire ¢ 
central with the point 9, make the point g’ central with the iron core 
33; turn the torsion head A in such a direction as would tighten the 
fibre s; turn the torsion heads p p’ in such a direction as will tighten 
the fibre s; also move out the frame 9 so much as will tighten 

s sufficiently to bring back the siphon to a mean vertical position, 
and the coil a a to the central position shown in the drawing. If 
the fibre s brings the siphon back to the vertical before bringing the 
coil a a a a to its central position, undo a little of the twist given 
by the torsion head h, and vice versa. I sometimes use a fine glass 
tube instead of a siphon, fixing the upper end to the ink-bottle, and 
making the tube of such a shape that its marking arm can spring, 
by torsional elasticity or otherwise, so as to follow the oscillations 
of the signal coil with sufficient freedom. In this case I keep that 
member of the fine tube next the ink-bottle stretched in a straight 
line by the tension of a stout fibre connected to it and extending 
from the point where the tube is bent at right angles to form the 
marking arm. This arrangement is shown in side elevation at Fig. 
4, sheet 1, and in front elevation at Fig. 5, sheet 1, where A repre- 
sents the ink-bottle : B, the fine glass tube of which 5 is the marking- 
point: c the portion which springs by tortional elasticity, and d the 
stout fibre coupling the tube to the arm e. 

The tube may be fitted to the ink-vessel by a tube of thin sheet 
India-rubber, or similar material, or the tube may, as shown in 
the drawing, be rigidly cemented into the ink-bottle, its own flexi- 
bility giving sufficient mobility to the outer end. 

The fibre connecting the marking arm with the signal coil may, 
as is shown at Fig. 5*, be prolonged, and provided with a very light 
spring of sufficient resilience for the purpose of keeping the connect- 
ing fibre tight during all its motions. 

I Sometimes give stiffness to the siphon or tube by stays. 

If, in any case, the mobility in the plane of the paper is found too 
free with a round tube, greater rigidity can be given by making the 
tube of oval section, or other arrangements of a stretched fibre, 
acting as a stay or stays as shown at Figs. 11, 12, and 13, may be 
used. 

Another method of arranging the marker is shown at Fig 13*. 
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a is a fine marking arm, cemented into a somewhat coarser horizontal 
branch projecting from a glass siphon, 3. This siphon is supported 
so as to be capable of turning round its long vertical leg. The mode 
of support is by two stretched wires or fibres pulling in opposite 
directions. The axis of motion is in this plan vertical. The fine 
marking arm is about as fine as a fine sewing-needle. The coarser 
arm and siphon is of glass tube, just wide enough to let the fine arm 
slip in. 

The fine marking arm may be pulled out in case of choking, and 
another slipped in and cemented with wax at any moment. 

While giving greater effective rigidity in the plane perpendicular 
to the paper, it will give either unchanged mobility, or less mobility, 
or greater mobility of the tube parallel to the paper, according as its 
fixed end is in a certain line perpendicular to the length of the 
tube, or nearer the outer end, or farther from the outer end. When 
the single stay is used its fixed end is adjusted to give the desired 
mobility to the outerend of the tube, and the proper tightness of 
the stay. 

This improvement allows the plane of the arc, along which the 
marking end of the tube moves in virtue of the signals, to be horizon- 
tal instead of vertical, as it necessarily is with the siphon, if of sim- 
plest form, and smallest amount of inertia attainable ; and it also 
allows, when desired, the signals to be first shown on the portion of 
the paper where it is running horizontally. | 

This improvement further allows ink or other fluid to be forced 
through the tube by hydrostatic pressure, to clean the tube or to 
mark paper for signals independently of sparks. In many cases— 
for instance, in rapid signaling with powerful currents through land- 
lines—the requisite pressure for good marking, whether with or 
without electrification of the siphon, may be that due to from one to 
three or four inches head of the liquid. | 

In all such cases this pressure is most conveniently obtained 
by having free communication of air pressure between the atmos- 
phere and the free surface of ink in the ink vessel—that is to say, 
by having the ink vessel either open or closed by a cover not per- 
fectly air-tight. When greater constant pressure is desired that can 
be easily thus obtained. I produce the requisite pressure either by 
gravity acting on a column of mercury, or by air or other fluid press- 
ing on the free surface of the ink, or by a piston or by a flexible part of 
the ink bottle acted on by force properly applied from without. The col- 
umn of mercury is preferable in respect of constancy. Ialso apply hy- 
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drostatic pressure to free the tube from obstructions. Ifthe tube be- 
. comes clogged at any time, so as to impair the marking, the obstruc- 
tion is often removable by fluid pressure forcing the ink to flow through 
it. This cannot be done easily for the siphon otherwise than by the 
operator's sucking the lower end of it by his mouth—a delicate oper- 
ation, involving the probability of breaking the siphon. With the 
fixed tube various methods can be adopted, by which it may be 
cleared with much greater force with perfect safety to the tube, and 
without any dexterity on the part of the operator. 

One of these is as follows: I apply an air syringe of small bore 
to the upper part of the ink bottle, which, if ordinarily open to the 
air, is to be closed for the occasion by a proper plug or stop-cock. 
Any degree of air pressure required is then readily applied to the 
free surface of the ink. 

Another method is by a reservoir of mercury connected by a 
flexible tube to one branch of a U tube, the upper portion 
of the other branch of which is in hydrostatic communication with 
the ink vessel, either through the liquid itself, continued to the sur- 
face of the mercury, or through a portion of air intervening. A 
much greater pressure than can be obtained by blowing with the 
mouth can be easily provided by raising the reservoir of mercury 
at any time through the spaces of a few inches or feet. 

The mercury reservoir may be left ordinarily in such a position 
as to give the proper pressure for regular marking ; but at any time, 
in case of suspected clogging, for instance, it may be instantly raised 
or lowered, so as to produce a largely increased or largely dimin- 
ished pressure. 

When mere pressure on the ink will not remove obstructions I 
force down nitric acid or suck it up from the bottom of the tube 
from a vessel provided with this object. This is most easily done 
by applying (with the aid of the apparatus above described) nitric 
acid to the marking end of the tube, and drawing a very small quan- 
tity of that fluid through the tube, either by a syringe acting as a 
drawing air-pump, or by a mercury vessel lowered several inches 
below the level of the tube. 

I put a counterpoise to the siphon, preferably attached on the 
aluminium carrier on the side remote from the marking arm of the 
siphon, to diminish irregular vibrations. This counterpoise, which 
may be of wax, is attached to the carrier , so that the centre of 
inertia of the siphon m and the carrier with counterpoise may lie 
on the axis round which the whole turns. This has two advantages: 
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first, diminishing the tendency to irregular vibrations caused by 
tremors transmitted through the framework, whether from the mov- 
ing gear or from disturbances in the neighborhood, such as are ex- 
perienced when the instrument is used in a crowded city, in a fac- 
tory or at sea; second, checking the disturbance of signals caused 
by the motions of the ship when the instrument is used at sea. 

I conduct away ink flowing from the siphon when not in use by 
an adjustable vessel or reservoir (not shown in the drawings). In 
order to admit of the introduction of this reservoir, and for other 
purposes it is necessary that there should exist an arrangement for 
drawing back the paper from the siphon point. This arrangement 
is shown in Fig 1, sheet 2. The paper follows the line 1 1 1 1, being 
drawn only by the roller ¢ driven by suitable gear from the prime 
mover, namely, an electro-magnetic engine hereinafter described. 
Just before reaching this roller ¢ the paper passes over the shield 
w, and this shield can be drawn back or pushed forward by thescrew 
and thread w’, which, on being turned, causes the shield w to slide 
backward or forward. This mechanism is shown in enlarged de- 
tached views at Figs. 1 and 2, sheet 3. The paper can also be ad- 
justed laterally by moving the whole bracket E E outward and in- 
ward on the frame F. This gives an adjustment in a plane at right 
angles to that in which the head w’ causes the paper to move. 

I also provide against the accumulation of large drops of ink at 
the end of the siphon or tube, when no signals are being recorded, 
by keeping the paper moving at a slow speed. I drive the drawing 
off roller as follows : A small V pulley, 3, Figs. 1 and 2, sheet 2, is 
placed on the shaft of a prime mover, 2. A belt passing round 3 
drives the large pulley 4 on the shaft 5. A belt from a small pulley 
6, on the shaft 5, drives the pulley F on the shaft of the paper roller 
t, or instead of this arrangement I prefer to use that shown at Figs. - 
6 and 7, sheet 3, wherein the paper roller ¢ is driven by means of a 
clutch g, and this allows the paper to be moved at a slower rate 
than obtains with the mechanism previously described. The clutch 
q admits of being thrown back so as to release the shaft on which 
the roller ¢ is fixed by means of a lever, r, Figs.6 and 7, sheet 3, 
and then becomes engaged with a toothed pinion, 91, which drives 
a spur wheel, 7*, on a secondary shaft, 9, a pinion, 9“, on which 
again drives a spur wheel, 96, on the shaft of t, which is then driven 
at a much slower speed. I prefer to let the shaft 5 be entirely sup- 
ported by two belts, having only lateral guides to keep it in its 
place. This arrangement diminishes friction, and prevents the 
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I conduct away ink flowing from the siphon when not in use by 
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order to admit of the introduction of this reservoir, and for other 
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drawing back the paper from the siphon point. This arrangement 
is shown in Fig 1, sheet 2. The paper follows the line 1 1 1 I, being 
drawn only by the roller t driven by suitable gear from the prime 
mover, namely, an electro-magnetic engine hereinafter described. 
Just before reaching this roller ¢ the paper passes over the shield 
w, and this shield can be drawn back or pushed forward by thescrew 
and thread w’, which, on being turned, causes the shield w to slide 
backward or forward. This mechanism is shown in enlarged de- 
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transmission of mechanical vibrations from the prime mover to the 


paper. 
The paper and statical induction apparatus are driven by an 


electro-magnetic engine of improved construction. (Shown at Figs. 


6 and 7, sheet 1.) This engine consists of a series of bars of soft iron, 
a a a, arranged like the staves of a barrel, but separated from one 
another by insulating material, and successively attracted by the 
electro-magnet A. The make-and-break apparatus by which the 
electro-magnet is caused to attract the successive bars or 
armatures aaa at the proper time is shown in detail at 
Figs. 8, 9, and 10, sheet 1, and its position in relation to 
the electro-magnetic engine is shown at Figs. 6 and 7 thereof. The 
circuit of the electro-magnet is complete when contact is made be- 
tween the platinum knob c attached to the spring d, and the platin- 
ized contact piece c, which are at other times insulated from one 
another by the vulcanite piece F. The movable contact piece is a 
short piece of stout platinum wire c, soldered near one end of an 
approximately straight steel spring d. This end of the spring is 
reduced to a round pin 2, in line with the middle line of the 
spring, and projecting to a short distance beyond the platinum con- 
tact piece. The other end of the spring is attached to a fixed insu- 
lated piece of metal g, with which it is in metallic communication, 
and through which it forms a part of the circuit, which is completed 
when the movable contact piece c is allowed to press on the fixed 
contact piece ¢ by the projecting pin z, being let down by the cam A. 
The line of the spring is parallel to the axis of the electro-mag- 
netic engine, and its plane of motion passes through this axis. The 
cam lifts the projecting pin z to break contact, and leaves it free at 
the proper times to make contact by its own elastic force. The 
spring d, which is approximately straight, either when making con“ 
tact, or when lifted through the small space of the cam’s action on 
it, is under considerable elastic strain. When dismounted and al- 
lowed to take its unstrained shape it is curved. In this state the 
curvature ought, if the flexual rigidity of the spring is uniform 
throughout, to be approximately in simple proportion to length 
along the curve from the end, which is fixed when the spring is in 
position. - This condition is easily fulfilled with sufficient approxi- 
mation to accuracy by giving the spring a proper set, so that when 
mounted it is found to be nearly enough straight, and to press with 
sufficient force against the fixed contact piece to secure good con- 
tacts. This disposition is such that the motion of the spring is in 
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a plane perpendicular to that of the cam, the form of the spring 
approximately straight, and the point of pressure of the cam very 
close to the movable contact piece. A screw w is used to lift or 
lower the spring d, and thus adjust the length of contacts. The 
time when contact is made is adjusted by turning round the cam A 
on the axis, and fixing it in the required position by set screws i 
and j. The bearings of the electro-magnetic engine should be con- 
structed so. as to cause very little friction, and I attain this end by 
supporting the pivots of the main shaft ö 5, Fig. 6, sheet 1, on roll- 
ers d d. Each pivot is prevented from slipping off the roller by two 
smooth parallel guides, between which it plays easily. Motion of the 
shaft in the direction of its axis is checked by two hard plates , fixed 
perpendicular to its axis at a distance asunder slightly greater than its 
length. The anti-friction rollers d d, each of one piece of steel, 
are of the shape shown in the drawings. They are kept in position 
by end plates similar to those hereinbefore described for the main 
shaft 5 6. Each of the rollers d d dips into an oil vessel, and carries 
oil round sufficiently to keep its own pivots and the pivots of the 
main shaft constantly oiled. 

The guiding cheeks of the main shaft and the bearings of the 
anti-friction rollers are so placed that, during the action of the in- 
strument, the pivots of the main shaft press each of them, only on 
one of these guides and on the anti-friction roller, but with much 
more force on the anti-friction roller than on the guide. It need 
press with no more force on the guide than to prevent it from leav- 
ing that guide and moving over to the other under the influence of 
the varying force to which it is subjected through the successive 
electro-magnetic attractions. I regulate the speed of revolution by 
adding or subtracting resistance from the circuit of the electro- 
magnet; and I sometimes diminish the spark at the contact piece ¢ 
by using a permanent shunt, connecting the ends of the electro- 
magnet s coil. 

The induction apparatus is constructed so that the replenisher 
is alone used and the electrophorous heretofore employed is dis- 
pensed with. I use the armatures of my engine disposed as staves 
of a barrel, a a a, Figs. 6 and 7, sheet 1, as part of the carriers of the 
induction the other part being a series of brags strips, 
SI SI J, Figs. 6 and 7, attached to the soft iron staves. 

The action of the replenisher is as follows: E, Figs. 6 and 7, is a 
plate in connection with the earth. B is an insulated plate, from 
which the electricity of high potential is taken to the siphon. Four 
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springs, g I i K, the last being shown by a dotted line only, are ar- 
ranged so as to make the contacts hereinafter described. The car- 
tiers a a a a are moving in the direction of the arrow 1“. 

When a carrier à first comes under the cover of the insulated 
plate B, which is, say, positively electrified, it is electrically con- 
nected with plate B by the spring g, making contact with the metal 

bar a’; attached to a. Any positive electricity on a then flies to B 
2°. When the same carrier a has moved farther, so as to be com- 
pletely covered by the plate B, the contact with the spring g is 
broken, and a little later a fresh contact made with the spring 4, and 
a diametrically-opposite carrier a is, by the spring E, at the same 
time joined to the carrier a first referred to, and, being covered by 
the earth-plate E, the said carrier a becomed by induction positively 
electrified, while the opposite carrier is negatively. electrified, 3°. 
After the two contacts with A and & have been broken the carrier a, 
now negatively charged, is put into connection with the earth, and 
discharged by the spring i 4°. The same carrier is, in its turn, posi- 
tively charged by the spring E. 

In place of the electro-magnetic engine hereinbefore described I 
sometimes employ as my prime mover a magnetic engine of the ar- 
rangement illustrated at sheet 7 of the accompanying drawings, 
whereon Fig. 1 is a section, partly in elevation, thereof; Fig. 2, an 
elevation of that end marked A, Fig. 1; Fig. 3, an elevation of that 
end marked B, Fig. 1, while Fig. 4 is a detached view of the vul- 
canite disk G, showing the arrangement of the carriers a situated 
thereon. This engine consists of one bar or of a series of bars of 
soft iron compactly packed together, situated in the interior of and 
extending the full length of the cylindrical casing A,which is attached 
to the engine shaft B, as shown at Figs. 1 and 2. The casing A is 
so situated in the interior of a powerful cylindrical compound mag- 
net, C, that as the engine revolves the opposite ends of the soft iron 
bars contained in the casing A are alternately brought under the in- 
fluence of the opposite poles of the said magnet C. 

The make and break apparatus, by which the magnet is caused 
to attract the opposite ends of the soft iron bars alternately 
is more particularly shown at Figs. 1 and 3. 

The movable contact pieces by which the current is alternately 
made and broken consist of a series of springs arranged in two sets, 
D and E. Each of these sets is arranged after the manner of the 
teeth of a comb, and is made to bear upon the periphery of the 
drum F, which is situated upon the engine-shaft B, as shown, At 
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two points in the periphery of the drum F, diametrically opposite 
to each other, and in the plane of the soft iron bar, strips of agate 
or other insulating material are inserted, as shown, which, when 
brought round by the revolutions of the drum F, so as to be in con- 
tact with the springs D and E, thereby break the metallic connec- 
tion, and therewith the attractive influence of the magnet upon the 
end of the soft iron bar is reversed. 

The induction apparatus is constructed and arranged in the 
following manner: Upon a vulcanite disk G, the carriers a a are 
arranged as shown at Figs. 1 and 4. The disk G and carriers a a are 
partially inclosed by a metallic casing, but which is insulated from 
the carriers a a by means of a thin vulcanite lining, 3, as more par- 
ticularly shown at Fig. 1. 

The metallic casing is constructed in two parts, as shown at Fig. 
2, one side of which, namely, that marked E, is in connection with 
the earth, while that marked D- is completely insulated, and from 
which the electricity to the siphon is conducted, the manner where- 
by the electricity is drawn from the earth-plate E, and discharged 
on to the insulated plate B, being in every respect similar to that 
employed for the same purpose with the electro-magnetic engine 
hereinbefore described, namely, through the medium of the springs 
g, A, i and &, as arranged and shown at Fig. 2. I used a dry pile, 
contained in the vulcanite-chamber X, Figs. 1 and 2, sheet 1, and 
Figs. 1 and 2, sheet 2, to initiate the electrification of the inductor 
B. I connect the electrified inductor B with the siphon by a me- 
tallic conductor, W, Figs. 1 and 2, sheet 2, and a semi-insulating 
thread,v. The conductor W leading from the inductor B rests upon 
the shaft , upon which the drum T is carried. 

When the conductor W becomes overcharged with the current, a 
portion of it may be drawn off by placing the wooden arm W in con- 
tact with or very elose to the little wooden stud /, attached to the 
under side of the conductor, and thus a portion of the current is 
diverted, the remainder or non-diverted portion passing on con- 
stantly by asemi-insulated thread v, which can be lengthened or 
shortened to oppose more or less resistance to the passage of elec- 
tricity. The mode of attaching, lengthening, or shortening this 
thread v is shown in Figs. 1 and 2, sheet 1, and at Figs. 1 and 2, 
sheet 2. 

The one end of the thread is attached to the metal shaft u bear- 
ing a vulcanite cylinder F, having a deep screw cut on it. The 
other end of this thread v is attached to a small metal drum Y, 
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acted on by a spring like that on ordinary pocket measuring tape. 
By turning the vulcanite drum the thread is wound upon it, and 
— pulled out from the metal drum so as to augment the resistance, as 
in Wheatston's rheostat. When the vulcanite drum is turned in the 
other direction, the spring draws the string around the metal drum, and 
the resistance is diminished. If the smallest resistance thus obtained, 
when the two drums are conveniently placed, is found to be toosmall, 
the part of the thread remaining unwound between the vulcanite 
drum and the metal shaft of the vulcanite drum may be impregnated 
with salt, or even replaced by a fine metallic wire. Asecond thread 
may similarly be used between the plate B and earth, to draw off an 
excess of electricity. The speed of the engine, as has been stated 
above, is regulated by shunts and added resistance. The shunts, 
where chronometric accuracy is desired, are thrown off and on by a 
differential motion regulated by a pendulum. Instead of shunts, 
added resistance might obviously be treated in the same manner. 

The mode by which the shunts are thrown off and on is shown 
in Figs. 1 and 2, sheet 4. The shaft ais called the chronometer 
shaft. It rests on two anti-friction rollers F and g, attached to 
one long shaft, à, which may be supported on ordinary bearings 

below it. It bears upon these rollers by two other rollers, i and &, 
coaxial with itself. 

The roller i is rigidly attached to the chronometer shaft. The 
other roller, E, is attached to a tube , mounted on this shaft a by 
means of a collar at one end of the tube, and a bearing at its other 
end for one terminal pivot of the chronometer-shaft a. The four 
rollers, J, g, i and E, are of such dimensions as to give the tube / 
such a differential motion that it goes round somewhat faster than the 
chronometer shaft. I find that something from five to ten per cent. 
faster than the chronometer shaft gives good results. A second- 
tube, m, fitting between two collars on the chronometer shaft, is 
placed close to the tube /, and is carried round by two spring clips, 
n, pressing it externally, or other suitable friction gear may be 
employed. This second tube m, when unchecked, is carried round 
as if rigidly connected with the first tube; but it can be checked 
with ease, so as to be altogether stopped at any time. When it is 

leased the friction is sufficient to set it very suddenly in motion 
with the same speed as the first tube. The second tube m car- 
one or more arms, o 0 o, which act upon a pendulum, p, through 
E or pallets, after the manner of the teeth of a dead- beat 
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pendulum p vibrating, and at each impact on the dead-face of the 
pallet the rotation of the tube is checked sufficiently to prevent 
more than one arm from passing for every period of the pendulum. 
Thus, if a “half-seconds” pendulum be used—that is to say, a pen- 
dulum whose period is one second—and if the second-tube m is to 
turn once round in six seconds, there must be six arms; or, if it 
turns once round in five seconds, there must be five arms, as shown 
in the drawing. 

These arms might be rigid, like the teeth of an ordinary escape- 
ment wheel, so that the arrangement would simply be an escape- 
ment wheel loose on the chronometer shaft, and influencing it in 
the manner described below; but I prefer making the arms elastic, 
to prevent damage in case of any of them being taken aback by the 
pallet, and also to regulate the motive force applied to the pendulum 
by each arm in escaping the pallet. 

There may be either two pallets, arranged just like the ordinary 
anchor of the dead-beat escapement, or there may be only one pal- 
let, one side of the auchor, as it were, being cut away. Whea only 
one pallet is used, the plane of motion of the arm may very conve- 
niently be perpendicular to the plane of motion of the pendulum, 
which gives an arrangement preferable, in point of simplicity, to 
other more common or obvious transformations of the general plan 
described above. 

Another fixed spring, s, is similarly kept in communication with 
a metal ring, 7, rigidly attached to the chronometer shaft a. The 
rim of this ring is composed partly of metal and partly of insulating 
material, as seen in Figs. 1 and 2, sheet 4, and is touched by the 
spring ¢ (Fig. 1, sheet 4), carried by the escapement wheel or tube 
m. By insulating materials properly placed these two springs « and 
t are cut off from metallic communication through the moving parts, 
which have been described, except when the spring t, carried by the 
escapement wheel, is in contact with the metallic part of the rim on 
which it presses. 

One or other of the springs ¢ and t may be in metallic communi- 
cation with the chronometer shaft and the two tubes / and m, but I 
prefer insulating all the pieces of metal which are in connection 
with either of the fixed wires by vulcanite or other proper material, 
so as to prevent metallic communication between them and the 
shaft and tubes. The two springs 5 and ¢ are connected to the two 
ends of the coil of the driving electro-magnet A, Figs. 6 and 7, sheet 
1, by electrodes of proper resistance, to fulfill the following condi- 
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tion: When the second tube m is in such a position relatively to 
the main shaft a as to make contact, the coil of the electro-magnet 
is shunted, so as to reduce the driving power sufficiently for the pur- 
pose of regulation. For example, if the resistance in the electrodes 
and movable contact pieces, which have been described, is infinitely 
small, the driving power would be altogether stopped when the con- 
tact referred to is made; but this would be a more abrupt control- 
ling action than is desirable. In most cases I prefer to arrange so 
that the resistance in the shunt shall be several times greater than 
the resistauce of the electro-magnet ; and I secure that the control- 
ling action shall be sufficient by adjusting the rate approximately 
by the method above described. All that is necessary to secure 
this condition is that. without the regulating shunt, the chrono- 
meter-shaft would attain a speed greater than the proper speed, but 
that when the shunt is applied the power is insufficient to maintain 
the proper speed. 

In connection with my instrument I sometimes employ a 
chronometer for the purpose of indicating the time at which a 
message is being transmitted or recorded. The position which the 
said chronometer occupies in relation to the other parts of the 
instrument is shown on the general arrangement drawings, Figs. 1 
and 2, sheet 2; while its constructive features are more particularly 
illustrated at Figs. 3, 4 and 5, sheet 3, which are respectively a side 
elevation, plan, and end elevation thereof. 

Under the arrangement shown a pinion a’, fixed upon the 
spindle of the paper roller t, is placed in gear with the first wheel 5 
of the chronometer train, the number of teeth in the wheel and 
pinion being such that, with the rate at which the pinion a’ is 
driven, the wheel 6 is caused to make a complete revolution in 
exactly five minutes. In accordance wherewith its flat face is 
divided into five equal spaces, numerically marked, as shown at 
Fig. 3, sheet 3. Coaxial with the wheel ö, a pinion d is fixed, 
which is geared into a wheel e, the number of teeth in the 
pinion d being, to the number of teeth in the wheel e, on the ratio 
of one to twelve. The wheel e thus makes a complete revolution in 
one hour. In like manner a pinion 7, upon the same axis as the 
wheel e, is geared into another wheel g, and the ratio of the number 
of teeth in their respective circumference being one to twenty-four, 
the wheel g makes a complete revolution in twenty-four hours. 

Upon the flat face of the wheel g a drum, A, is fixed concentric 
— outer surface of which is divided into hour units, and 
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numerically marked in succession, as shown at Fig. 3, sheet 3. Its 
outer rim i is correspondingly divided, and at each division has a 
type or types situate thereat, indicating numerically the successive 
hours. As the strip of paper, 1, upon which a message is to be re- 
corded, or which may be employed as the medium of transmission; 
according as the instrument is employed for either sending or re- 
ceiving signals, is drawn along in contact with the lower surface of 
the drum A, in the direction indicated by the line 1, and by the 
arrows at Fig. 3, each hour in succession is stamped thereon, that 
being effected by means of a stud & attached to the wheel e, being 
at a point in each successive hourly revolution brought into contact 
with and depressing a lever J. Immediately that the stud & has 
passed out of contact with the lever / a hammer, m, fixed upon the 
extremity of a lever n, is forced upward by means of the resistance 
of a spring , so as to strike the paper 1 against the periphery i of 
the drum A, whereby it receives an impression from the type or 
types situated thereon, the said impression recording numerically 
the hour of the operation, and each successive hour is similarly re- 
corded, minutes being read off at z up: n the wheel ö. 

The new instrument sends as well as receives messages. The 
same motive power and gearing may be used to draw forward 
punched paper for signaling, and I sometimes use the same strips 
of paper to send and receive messages, alternative lengths of the 
paper being punched and plain. The electrical connections are so 
arranged that the signals sent by the paper are recorded on the same 
paper. The paper used to send is punched into two or more rows 
of holes, as hereinafter set forth, and contact made through the 
holes by dead pressure between two metallic surfaces C and D, and 
sprigs 2 and , as shown at Figs. 6,7 and 8, sheet 3. These con- 
tacts may be made a little behind the siphon, or elsewhere. A suit- 
able switch is provided for altering the connections from sending to 
receiving. The same instrument, with the signal-coil sufficiently 
shunted, records the sent signals. I prefer a simple stout bar, F, 
Figs. 7 and 8, sheet 3, pressed against contacts, as my switch. I 
give positive and negative signals by two constant springs, æ and y, 
only. To do this I keep the two poles of the battery constantly con- 
nected with one another through a wire, 8, Fig. 8, sheet 3, of suffi. 
cient resistance, the middle of this wire being connected with the 
line, as shown, and the middle of the battery with earth. 


The diagram, Fig. 8, sheet 3, shows the proper arrangement o 
connections for sending and receiving, as above described. The 
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diagram, Fig. 9, sheet 3, shows the punched paper. The part of 
the instrument by which the paper is punched contains the follow- 
ing peculiarities : 

The paper, which is drawn on by a drum after each perforation, 
begins to move gradually, and, after attaining a maximum of speed, 
comes gradually to rest. The power employed to make the perfora- 
tions and to start the paper may first start a fly-wheel loose on a 
revolving shaft, but tending to draw it on by friction. I also draw 
back any slack in the paper behind the drum by a spring or weight. 
The part of the instrument by which the paper is punched is con- 
structed to suit the Steinheil system, with perforations in two rows. 
The same plan, with obvious enough changes of detail, is applica- 
ble to perforate the paper, for other modes of signaling which may 
be desired. In any case,I use three levers, which, according to 
usage, will often be called keys. One of them I call the space-key, 
another the dot-key, and another the dash-key, the recent sub- 
marine usage having applied the name of dots and dashes in sub- 
marine signaling to left and right motions of the marker. 

The dot-key makes its perforations in the proper line of the 
dots ; the dash-key in that of the dashes. The punches may be 
rigidly attached to the keys, or they may move in slides, pressed 
down to cut the paper by the key, and returning by springs. I 
prefer to connect each punch rigidly with its key. The paper is at 
rest for the whole time during which the lowest part of any of thé 
punches is below the upper surface of the paper, it being supposed 
that the punches move downward in cutting. As, however, a de- 
tailed description and drawings of the said paper-punching mech- 
anism was deemed objectionable upon the examination of my 
application, they are not given. 

In lieu of arranging the instrument in all respects as hereinbe- 
fore described, I prefer to dispense with the glass case in which it is 
inclosed, and sometimes not to use chronometric contact, and to 
adopt the general arrangement illustrated at sheet 5 of the draw- 
ings. In this arrangement an air turbine, driven from a pulley on 
the revolving-shaft 55 of the electro-magnetic engine, is used to 
drive a current of dried air through the casing E containing the 
electro-magnetic engine, as well as through the tubular casing B 
which surrounds the insulating stem bearing the ink-bottle and its 
connections. The turbine is by preference placed in one side of the 
casing C, which contains the driving electro-magnet, and the cur- 
rent of air drawn in by its revolution is discharged up through the 
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floor of the casing E, and in part out through perforations o in the 
shield » of the conductor W, as shown, and in part by a pipe g 
leading to the tubular casing B. The air driven through the ap- 
paratus may be dried by passing it over sulphuric acid, or other 
means for depriving air of moisture may be adopted. The result 
of this application of the turbine is both to prevent rust or shreds 
from settling on the stems, and to keep them dry. The same 
tubular arrangement allows air to be occasionally forced through 
by bellows or a hand fanner, so as to blow away from the case and 
stems dust which may have accumulated. 

Having now described the nature of my said invention and the 
manner in which the same is or may be used or practically carried 
into effect, I would observe, in conclusion, that what I consider novel 
and original and therefore claim as the invention is : 

1. The combination and arrangement, substantially as before 
set forth, of the electro-magnet, the suspended signal coil and the 
fixed soft iron core for said coil. 

2. The combination, substantially as before set forth, of the sus- 
pended signal coil, the suspended siphon or marking tube and the 
connecting fibre, with a removable plate or stock, so that the said 
coil and marking tube can be readily removed and replaced by 
others adjusted for use. 

3. The combination, substantially as before set forth, of the 
signal coil with the stretched wires communicated with the insula- 
ted terminals, the drum to shorten or lengthen the said wires, and a 
_ torsion head to turn the same on their axis, so that the signal coil 
may be adjusted by the torsional elasticity of the stretched wires, 
which also act as electrodes. 

4. The combination, substantially as before set forth, of the 
marking tube, the stretched wire that carries it and the torsion- 
head for turning the said wire. 

5. The combination, substantially as before set forth, of the ink 
reservoir, the marking tube and the suspended signal coil, so that 
while the said marking tube is fixed to the ink reservoir the outer 
end of said tube is free to be moved in consonance with the oscilla- 
tions of the signal-coil. 

6. The combination, substantially as before set forth, of the ink 
reservoir and the device for applying a varying pressure to the sur- 
face of the liquid in said reservoir, so that said liquid may be drawn 
or forced through said tubs as desired. 
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7. The combination, substantially as before set forth, of the 
working arm of the marking tube with a stay for stiffening it. 

8. The combination, substantially as before set forth, of the mark- 

ing tube with a counterpoise to diminish vibrations. 
= 9. The method, as before set forth, of preventing an accumula- 
tion of ink at the point of the marking tube when signals are not 
being received, by traversing the paper slowly past the said point 
at such times. 

10. The combination, substantially as before set forth, of the 
plate connected with the earth, the insulated plate, the contact 
springs, the revolving carriers and the siphon or marking tube. 

11. The combination, substantially as before set forth, of the 
motor and the paper-drawing gear by hanging pulleys so as to di- 
minish vibrations. 

12. The combination, substantially as before set forth, of the 
paper-drawing rollers with a pendulum, so as to control the speed 
of the former. 

13. The combination and arrangement, substantially as before 
set forth, of the paper-moving mechanism, the chronometer mech- 
anism, and the types of the latter, so that the time is recorded upon 
the signal-receiving paper. 

14. The combination, substantially as before set forth, of the 
electrified conductor with the siphon or marking tube by an adjust- 
able inductor of very high resistance, whereby any excess of elec- 
tricity may be drained off. 

15. The combination, substantially as before set forth, of the 
suspended signal coil, the magnet, the inductor, and a dry pile to 
initiate the electrification of the inductor. 

16. The arrangement, in the same machine, of a single motor 
with the suspended signal coil, the siphon or marking tube, the 
mechanism for moving the receiving paper, and the mechanism for 
moving the punched paper, so that the same motive power which 
produces the electric sparks is employed to move forward the re- 
ceiving paper and the punched paper for sending signals. 

17. The relative arrangement, substantially as before set forth, 
of the suspended signal coil, the siphon or marking tube, the signal 
transmitting mechanism, and the paper moving mechanism, so that 
the same strip of paper may be employed both to receive and to 
transmit the signals. 

18. The relative arrangement, substantially as before set forth, 
of the suspended signal coil, the siphon or marking tube, the signal- 
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7. The combination, substantially as before set forth, of the 
working arm of the marking tube with a stay for stiffening it. 

8. The combination, substantially as before set forth, ofthe mark- 

ing tube with a counterpoise to diminish vibrations. 

| 9. The method, as before set forth, of preventing an accumula- 
tion of ink at the point of the marking tube when signals are not 
being received, by traversing the paper slowly past the said point 
at such times. 

10. The combination, substantially as before set forth, of the 
plate connected with the earth, the insulated plate, the contact 
springs, the revolving carriers and the siphon or marking tube. 

11. The combination, substantially as before set forth, of the 
motor and the paper-drawing gear by hanging pulleys so as to di- 
minish vibrations. 

12. The combination, substantially as before set forth, of the 
paper-drawing rollers with a pendulum, so as to control the speed 
of the former. 

13. The combination and arrangement, substantially as before 
set forth, of the paper-moving mechanism, the chronometer mech- 
anism, and the types of the latter, so that the time is recorded upon 
the signal-receiving paper. 

14. The combination, substantially as before set forth, of the 
electrified conductor with the siphon or marking. tube by an adjust- 
able inductor of very high resistance, whereby any excess of elec- 
tricity may be drained off. 

15. The combination, substantially as before set forth, of the 
suspended signal coil, the magnet, the inductor, and a dry pile to 
initiate the electrification of the inductor. 

16. The arrangement, in tlie same machine, of a single motor 
with the suspended signal coil, the siphon or marking tube, the 
mechanism for moving the receiving paper, and the mechanism for 
moving the punched paper, so that the same motive power which 
produces the electric sparks is employed to move forward the re- 
ceiving paper and the punched paper for sending signals. 

17. The relative arrangement, substantially as before set forth, 
of the suspended signal coil, the siphon or marking tube, the signal 
transmitting mechanism, and the paper moving mechanism, so that 
the same strip of paper may be employed both to receive and to 
transmit the signals. 

18. The relative arrangement, substantially as before set forth, 
of the suspended signal coil, the siphon or marking tube, the signal- 
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Alfred G. Holcomb, dated June 4, 1881, No. 33,478. 


J. A. W., Special Examiner, June 7, 1884. 
[Introduced in Record, p. 13.] 
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Amn G. Horcom, or New Ton, N. T. 


Improved Electric Magnet. 


Specification forming part of Letters Patent No. 32,478, dated June 
4, 1861. 


To all whom it may concern: 


Be it known that I, Alfred G. Holcomb, of the City, County and 
State of New York, have invented certain new and useful improve- 
ments in Electric Magnets, and I do hereby declare that the follow- 
ing is a full, clear and exact description of the same, reference being 
had to the accompanying drawings, making part of this specifica- 
tion, in which 

Figure 1 is a perspective view of a relay magnet, embodying my 
improvements. Figure 2 is a perspective view of a permanent mag- 
net hereinafter described. 

Similar letters of reference indicate — parts in both 


My invention consists, first, in a peculiar manner of applying in- 
duced magnetism from a permanent magnet in conjunction with elec- 
tro-magnetism, as hereinafter explained. Second, in a peculiar con- 
struction and arrangement of the permanent magnet in connection 
with the electro-magnet. Third, in a device for supporting and ad- 
justing the armature. Fourth, in an improved device for adjusting 
the armature spring. 

To enable others skilled in the art to make and use my inven- 
tion, I will proceed to describe its construction and operation. 

A A’ represent helices of common construction provided with 
soft metal cores, a a’. 

B is a permanent horse-shoe magnet placed horizontally beneath 
the helices and turned up vertically in the rear, its poles ö & being 
connected with the rear ends of the respective cores « a’. 
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transmitting mechanism, the paper-moving mechanism, and the 
switch and shunt, so that the same paper may be employed to re- 
cord both signals transmitted and signals received. 

19. The combination and arrangement, substantially as before 
set forth, of the suspended signal coil, the siphon or marking tube, 
the inductor, the two constant springs for giving positive and nega- 
tive signals, and the switch, so that, in a machine producing marks 
by the operation of a suspended coil, positive and negative signals 
may be given by two contact springs only. 

Wurz THomson. 
Witnesses : 
JOHN DUNCAN, 
45 West George street, Glasgow 
Clerk at Law. 
Duncan McIntyre, 
45 West George street, Glasgow, 
Clerk at Law. 


a 
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is the armature, supported upon points in cupbearings upon a 
slide, D, which by means of an insulated set screw, d, may be 
moved toward or from the cores a a’. 

The armature spring consists of a straight steel wire, E, stretched 
between a loose nut, /, upon a screw-shaft, F, and a tightening 
shaft, G, a threaded shaft, F, being placed near the shaft G to 
hold the wire and adjust its — 

e is the armature lever. 

é is the insulating point and j the platina point for closing the 
circuit. 

The magnetism induced in the cores by the permanent magnet 
B operates in combination with the electro-magnetism, and by this 
means a magnetic force is developed greatly in excess of the sum of 
the forces of the induced and electro-magnetism when used sepa- 
rately. I am thus enabled, without increased expense or chemical 
action in the battery, to exert a greater force upon the armature 
than is possible without the combination of the permanent magnet. 
The length of the coil may be thus produced and the armature may 
be worked successfully at a greater distance from the cores. Re- 
ducing the length of the coils lessens the resistance to the passage 
of the electric current, and removing the armatures farther from 
the cores removes the necessity of frequent and delicate adjustment 
of the armature or spring. By placing the permanent magnet in a 
position parallel with the axes and near the periphery of the helices 
it is influenced by the electric current passing through the latter 
and by this means the power of the induced magnetism in the cores 
is increased. 

In working the instrument the tension of the spring is adjusted 
so as to overcome the power of the induced magnetism from the 
permanent steel magnet, thus holding the armature in equilibrio 
while the battery is disconnected. 

In the illustration here given my invention is represented as ap- 
plied to the electrio-magnetic telegraph ; but it is equally applica- 


‘ble to other uses of the electro-magnet. 


I am aware that a permanent magnet has previously been com- 
bined with an electro-magnet, and do not, therefore desire to be 


understood as claiming the said combination, broadly, without ref- 


erence to the particular manner and ovject of its use by me; but 
What I do claim as new and of my invention herein, and desire 
to secure by letters patent, is, 
1. Combining with the positive or attractive force of the electro- 
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magnet that of a permanent steel magnet placed at or near the end 
of the core or cores of the electro-magnet opposite to that of the 
armature. . 

2. The use of a permanent steel magnet connected with the rear 
end of the core or cores of the electro-magnet and carried round in 
a position parallel, or nearly so, with the periphery of the helix or 
helices. 

3. The combination, with the armature C, of the adjustable slide 
D and set screw d, in the manner and for the purposes set forth. 

4. The adjusting screws F F., or either of them when used in 
the described combination, with the stretched wire spring E, of the 
armature, for the purpose explained. 

A. G. Hotcoms. 
Witnesses : 
Ocravius Kmomr, 
James H. GRIDLEY. 


(Wo. 61.) Defendants’ Exhibit, “Improvement in 
Magnets.”—From “The Scientific American,” 
October 20, 1860, Vol. IIL, No. 17, New Series, 
page 264. 


J. A. W., Sp. Ex. 
[Introduced in Record, p. 14. 


IMPROVEMENT IN ELEcTRO-MAGNETS. 


The practical working of the electric telegraph has caused a 
very wide diffusion of a knowledge of electricity and magnetism 
among our people, and the hope of making valuable inventions in 
this department of the arts has led to an intense study of the vari- 
ous phenomena of these forces. We have already described a 
number of inventions in telegraphing, and the field seems to be 
just fairly opening before our inventors. The invention which we 
here illustrate does not relate to the details of telegraphing, but is 
an improvement in the electro-magnet for whatever purpose used. 

A permanent steel magnet, C, has connected with its two poles, 
A and B, the soft iron cores of two helices, D and E. In front of 
the poles of these cores is placed the armature, F, to which is 
attached the straight steel wire, g, operating as a spring by being 
drawn a little from a straight line between the two points to which 
the ends are fastened. 

Supposing the magnet is to be used as a relay magnet 
in telegraphing, the spring is so strained that it will just 
balance the power induced in the cores by the permanent 
magnet, in which case the platinum point at the lever 4, to which 
the armature is attached, will be neither fully in contact with the 
corresponding point on the standard I, nor yet so far removed from 
it as to entirely break the local circuit. Now, if the electricity be 
so passed through the helices D and E, so as to add its force to the 
influence of the permanent magnet, the magnetism of the cores will 
be so increased that they will draw the armature forward, thus com- 
pletely and certainly breaking the local circuit. Then, if the current 
be reversed, so as to counteract the influence of the permanent 
magnet on the soft iron cores, the power of the spring will draw 
back the armature, effectually closing the local circuit. It will be 
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seen that this arrangement permits the employment of a spring 
twice as powerful as ifno permanent magnet were used, or it enables 
a spring of given power to operate with a current of half the force. 

The inventor says this magnet has been thoroughly tested for 
telegraphing, and found practicable, and that it can be easily applied 
to every kind of telegraph instruments. 

A patent for this invention was granted on the 15th day of May, 
1860, and further information in relation to the matter may be ob- 
tained by addressing the inventor, Alfred G. Holcomb, of this city. 

Mr. Holcomb informs us that, to measure the increase of attract- 
ive power produced in the soft iron cores of the helices by the 
combination of the steel magnet and the battery, he arranged a del- 
icate lever, like a steelyard, to draw away the armature from the 
ends of the cores by means of a weight, and obtained the following 
very singular results, showing that the power of the cores under the 
combined action of the battery and permanent magnet was greater 
than the sum of its powers under the influence of the two separate. 
In the table below the first column shows the power of the cores 
when subjected to the battery alone, with currents of varying force ; 
the second column its constant power under the influence of the 
steel magnet alone ; the third column, the power when both were 
combined, and the fourth column the difference between the third 
and the sum of the first two. The close relation between the first 
and the fourth is very curious. The numbers are units of the weight 
used : 
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Nos. 19 and 20 are combinations from the Diatonic Scale. No. 
19 shows the Common Chord, Major : 


No. 20 shows the Common Chord, Minor : 
Ratios of Vibration 


In both, the intensities of the component tones are equal, and 
their phases at starting identical.” 


— 
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(Wo. 63.) Complainants’ Exhibit, Holcomb Affidavit. 
J. A. W., Sp. Exr. 
[Introduced June 2, 1884.] 


UNITED STATES CIRCUIT COURT, 
Dustricr oF New JERSEY. 


Amme Beit TELEPHONE CoMPANY 
ET AL. 


JOHN J. GHEGAN. | 


Southern District of New York, 
City and County of New York, 

Ar G. Hor conm, being duly sworn, deposes and says: 

I reside in the City of New York, and am about fifty-two years 
of age. I am an electrician, and am at present connected with The 
Standard Electric Light Company. I have made the subject of 
electricity a special study for the last thirty years, and have also 
given considerable attention to the subject of sound in its various 
applications. 

I have made several inventions relating to electrical subjects, for 
which I have obtained letters patent. Iam also familiar with the 
action of the various telephonic apparatus which have been invented 
and put into use during the past few years. 
In the winter of 1859-60, I invented a polarized electro-magnet, 
consisting of a compound permanent U magnet, having its polar ex- 
tremities bent laterally at right angles, each pole having a soft iron 
pole extension, surrounded by a helix of fine insulated wire. The 
said polar extensions and helices projected at right angles from the 
polar extremities, and were parallel with the body of the compound 
magnet. This magnet is an extremely sensitive one, and is capable 
of receiving articulate speech, as deposed by Mr. George M. Hop- 


Umstrep SrarTes or AMERICA, 
88. : 


544 : 


kins.in this suit. It was patented in the United States on the 15th 
day of May, 1860, and a description of it was published in the 
„ Scientific American,” a newspaper printed in the City of New 
York, on or about October 20th, 1860. 

About the time I procured said patent I conceived the idea of 
converting the force of the human voice into electricity. This idea 
occurred to me while reading Farraday’s Researches ” at the Astor 
Library, in New York City. 

Early in the fall of 1860 I constructed a telephone consisting of 
one of my polarized magnets, which I have above described, a 
wooden diaphragm mounted on a box or mouth-piece, and a U-shaped 
soft iron armature attached to the said wooden diaphragm, and ex- 
tending towards, and in proximity to, the ends of the polar exten- 
sions of the before-mentioned polarized magnet, but not touching 
them. 

The diaphragm box and the polarized magnet were secured to 
and held in their relative positions by a base common to both. 
One of the instruments so constructed by nie is shown in a drawing 
which I have marked for identification, Deft.’s Ex. B.“ Soon after 
completing this instrument I made a duplicate of it, and connected 
the helices of both of the polarized magnets in a complete or closed 
electrical circuit, and while listening at one of the instruments I was 
able to hear and recognize articulate words spoken into the mouth- 
piece of the other instrument by other persons. I so used these 
instruments on several occasions. I showed the said instruments to 
several persons, and now have in my possession the essential parts 
of one of my first telephones. These instruments, at or about the 


time of their construction, and subsequently thereto, were used by . 


me at my residence in Fifteenth street, in the City of New York, and 
were also operated at other places in said city. I intended to further 
improve my telephone, which then embodied all the essential fea- 
tures of the present magneto telephone, but was prevented from so 
doing owing to a lack of financial aid and the necessity of devoting 
my time to such pursuits as would bring in ready money. Although 
I was diligent in my efforts to obtain the aid and assistance of cap- 
italists, I was unable to interest them in my invention. Had I pro- 
cured the necessary financial assistance I should have filed at an 
early date applications for letters patent, which would have fully 
covered my telephonic inventions. However, I was not able to 
make application for a patent until January, 1878. 

This application was subsequently put in interference with the 
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early so-called Telephone Patents of A. C. Bell, and with the appli- 
cations of several other parties, which interference is still pending 
before the Patent Office. I filed my preliminary statement in due 
time, and made arrangements for the taking of my testimony, but 
was finally unable to do so on account of a lack of funds. 

Had I obtained the necessary assistance to properly contest my 
right to a patent, it is my firm belief that I should have obtained a 
grant of letters patent, covering the subject matter involved in 
the various interfereuces, to which I was a party, and fully estab- 
lished my claim to prior inventorship of the speaking telephone. 
The statements aforesaid, as to my telephonic inventions, can be 
- corroborated by other persons who were cognizant of the facts. 

I have examined the Letters Patent No. 174,465, and 186,787, 
granted to A. G. Bell for improvements in telegraphy, and I believe 
I understand the construction and mode of operation of the so-called 
Bell Telephone therein described and set forth, and I am of the 
opinion that there is no essential feature in the said Bell instrument 
that was not contained in my telephone made in 1860. 

I am also of the opinion that the method of transmitting speech, 
so used by Bell, is the same as the method employed by me for the 


same purpose in 1860. 
. Alm G. Hor con. 


Subscribed and sworn to 
before me, this Ist day 
of July, A. D. 1882. 


(SEAL. ] Epwakp Kur, In., 
8 Notary Public, 
| Kings Co. 
Certificate filed in N. Y. Co. 


(Wo. 64.) Complainants’ Exhibit, Van der Weyde 
“Tribune” Article of January Sth, 1869. 


J. A. W., Special Examiner. 
[Introduced in Case, p. 25.] 


New York Daily Tribune,” Volume XXVIII, Number 8659, Janu- 
ary 8th, 1869. : 


POLYTECHNIC CLUB. 


At the regular meeting of the Polytechnic Branch of the Ameri- 
can Institute, held last evening, at their room, No. 24 Cooper In- 
stitute, after the reading of a number of scientific notes by the Pres- 
ident, Prof. Tilman, Dr. Van der Weyde explained the construction 
and operation of the telephone, a recent German invention for 
transmitting sounds by means of electricity. The operation of the 
apparatus depends upon the principle that a metallic bar becomes 
lengthened by being surrounded by a current of electricity, and re- 
turns to its original length when the current ceases to flow around 
it. The sounder in this instrument consists of a small iron rod en- 
veloped in a coil of insulated wire. An electric current passed 
through the coil causes the inclosed rod to lengthen and its end to 
strike against a brass plate, producing a vibration of the plate. , 

In another room was placed the transmitting instrument, which 
consists of a small wooden box with a pole (hole? D. B. C.) in the 
top, closed by a piece of bladder or parchment; to this bladder is 
attached a metallic point connected with one of the wires leading to 
an electric battery, and immediately opposite to and almost in con- 
tact with another metallic point fixed to the bottom of the box, and 
connecting with another wire of the battery; the slightest vibration 
of the diaphragm brings the two points in contact and completes 
the galvanic circuit, when the electricity instantly passes along the 
wire and through the coil, causing the inclosed bar to expand and 
strike the brass plate. As the toneof any sound is determined by the 
rapidity of the vibrations which it causes in the air, it is claimed 
that by projecting into the above described box a musical note, the 
vibrations of the air will be communicated to the elastic diaphragm, 
causing an equal number of contacts of the metallic points, and 
consequently of electric passages through the wire coil. The in- 
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closed bar expands with each passage of the electric current, strik- 
_ing the plate and communicating to it the same number of vibra- 
tions as are received by the membrane of the sounding box. In the 
experiments tried at the meeting last evening a person sang into 
the box in one room, and the result was a succession of correspond- 
ing tones from the iron plates of the sounding instrument in another 
room. The sounds produced were very faint and low, requiring the 
ear to be held close to the sounding plate in order to distinguish 
them. The demonstration was considered as hardly satisfactory, 
although the experiments excited a good deal of interest, and sev- 
eral of the scientific men present seemed to think that the idea 
might be the germ of important results in the future. 

The meeting adjourned to next Thursday evening at the same 
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(No. 65.) Complainants’ Exhibit, Van der Weyde 
' Polytechnic Record. 


J. A. W., Special Examiner. 
[Introduced in Case, p. 35.] 


THE TELEPHONE. 


Dr. Van der Weyde exhibited a “telephone,” invented by Mr. 
Kirpath, of Troy, N. Y., by which musical sounds may be trans- 
' mitted. A cylindrical box, over one end of which a diaphragm of 
bladder was stretched, was provided with a speaking tube. In the 
centre of the diaphragm was placed a small piece of platinum. This 
platinum was in full connection with one pole of a galvanic battery, 
by means of a wire attached thereto. The other pole of the bat- 
tery connected with a point which was placed above the piece of 
platinum, almost, but not fully, in contact with it. When a sound 
was made in the tube the vibrations of the diaphragm brought the 
piece of platinum in contact with the point as many times as there 
are undulations necessary to produce that sound. This instrument 
was connected with a straight-bar electro-magnet. When the con- 
nection with the battery was made the magnet lengthened, and 
when it was broken the bar returned to its original length. As this 
took place, for every vibration of the diaphragm there was a corres- 
ponding vibration in the sounding-board on which the magnet was 
placed, giving a tone which corresponded to the one originally 
sounded. 

After the examination of this interesting apparatus the meeting 
adjourned for one week. 


(No. 66.) Complainants’ Exhibit, Van der Weyde 
Affidavit. 


J. A. W., Sp. Examiner. 
[Introduced in Case, p. 89. 


Stare, Crry um County or New Tonx, ss.: 


Pran H. Van DER WEYDE, of said city, being duly sworn, saith as 
follows: 


My name is Peter H. Van der Weyde; age sixty-seven years; 
residence Brooklyn, N. 1. I was formerly Professor of Physies and 
Chemistry at Girard College, at the Cooper Institute, New York, 
and in the New York Medical College. I was also, in 1869, and sub- 
sequently, editor of the “ Manufacturer and Builder,” and am now 
editor of the Practical American.” I was at one time connected 
with the “Scientific American,” in an editorial capacity. 

My attention was directed in 1867 to the electrical transmission 
of sound, and particularly to that form of apparatus in which the 
voice of the speaker actuated the transmitter. I became familiar 
with the “ Reis Telephone,” constructed one and publicly exhibited 
it at the American Institute, with some improvements of my own, 
and on two occasions explained them to the American Association 
for the Advancement of Science at two annual meetings. 

I think that I was, and down to the time of Mr. Bell’s patent 
174,465, March 7, 1876, continued to be familiar with all that was 
publicly known on the subject. I have reason to believe that the 
instruments I constructed were the most perfect known before Mr. 
Bell’s patent, in which any sound was produced at a distant station 
by the voice of the speaker at the transmitting station. Butneither 
the instruments then made, nor any others that were known before 
Mr. Bell’s invention, were capable of transmitting articulate speech. 
My opinion on this subject is best shown by an article which I wrote 
and published in 1869 in the Manufacturer and Builder for May, 
1869, Vol. I, page 129. 


From this article I make the following extract: 

“Tt is clear from the foregoing explanations that no quality of 
tone can be transmitted, much less can articulate words be sent, 
notwithstanding the enthusiastic predictions of some persons who, 
when they first beheld this apparatus in operation, exclaimed that 
now we would talk directly through the wire. It is from its nature 
able to transmit only pitch and rhythm, consequently melody, and 
nothing more. 

No harmony, nor different degrees of strength, or other quali- 
ties of tone can be transmitted ; the receiving instrument, in fact, 
sings the melodies transmitted, as it were, with its own voice, re- 
gardless of the quality of the tone which produces the original tune 
at the other end of the wire.” 

The opinion then expressed was not only my opinion but was 
the opinion of the scientific world. The discussions and conversa- 
tions which ensued upon the reading of my two papers before the 
American Association, left me in no doubt as to the opinions of 
men most qualified to judge; for it was recognized that the 
method and mode of operation of the Reis apparatus was such 
that not only it did not transmit speech, but that speech could 
not be transmitted by the method according to which that apparatus 
operated.. 

I ought to explain that the inability of the Reis apparatus to 
transmit the feature of strength as well as pitch, did not merely dis- 
able it from indicating, whether the person at the transmitting end 
sang loudly or gently; it disabled it from transmitting gualitz of 
tone, upon which articulation depends, and made the sound pro- 
duced at the receiving end regardless of the quality of the tone at 
the transmitting end. It operated by making and breaking the cir- 
cuit, and any apparatus having this mode‘of operation was inher- 
ently incapable of transmitting articulate sounds, because it could 
not take note of the element of strength, and of the partial tones 
which constitute articulation, according to the well-known theory 
of Helmoltz. It takes note of and reproduces the pitch, which, as 
Helmoltz says, “depends solely on the length of time in which each 
single vibration is executed, or, which comes to the same thing, on the 
vibrational number of the tone. 

“ We are accustomed to take the second of time as the unit, and 
consequently mean by vibrational number the number of vibrations 
which the particles of a sounding body perform in one second of 
time.” On the other hand, Helmoltz says, “ that the quality of 
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tones should depend upon the manner in which the motion is per- 
formed within the period of each single vibration; in other words, 
he says that “ every different quality of tone requires a different 
form of vibration.” He proceeds to show that quality of sound de- 
pends upon the existence and the loudness of the upper partial 
tones which are present as part of it, and adds, that “ the existence 
and loudness of the upper partial tones which accompany the prime 
depend also on the vibrational form.” 

Near the close of his investigation, he says: Hence we are 
able to lay down the important law that differences in musical qual- 


ity of tone depend solely on the presence and strength of partial 
tones.” The controlling effect of differences of strength of the up- 


per partials or guality—and articulation is merely a quality of 
sound, though perhaps, of the most complicated character—is strik- 
ingly and correctly stated in Mayer on Sound, page 149: 

This fact proves that the quality of a sound does not depend 
alone on the number of the single harmonic sounds which compose 
it, but also on their relative intensities. 

It can, indeed, be shown by calculation that, if the compound 
sound be formed of six single harmonic sounds, you can, by giving 
to each harmonic only two different degrees of intensity, form by 
their various combinations upwards of four hundred different quali- 
ties of sound ; and with four different degrees of intensity allowed 
to each of the six harmonics, their combination can produce over 
eight thousand different qualities of sound. Thus you see, how 
varied may be the qualities of sounds even when they contain the 
same simple sounds.” 

After my attention had been called to apparatus exhibited by Mr. 
Elisha Gray (which was not at all a speaking telephone, but was a 
circuit-breaking musical telephone, having essentially the mode of 
operation of the Reis apparatus, and, therefore, like it incapable of 
transmitting speech), I wrote another article on telophones in the 
‘“‘ Scientific American of March 4, 1876, in which I referred to Mr. 
Gray, and also re-described the Reis apparatus. But I was well 
aware at that time, that no instrument was publicly known which 
was not inherently incapable of transmitting articulate speech. 
This article was published three days before the date of Mr. Bell’s 
said patent. 

I have read Mr. Bell's said Patent 174,465, of March 7, 1876, and 
understand it. The apparatus there shown I believe to be new, but 
the invention therein described consists chiefly in the introduction 
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and use of an entirely new method and mode of operation. This I 
believe to be the opinion of the scientific world. 
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(Signed) P. H. Van pen WEYDE. 
Sworn to before me, 

August 9, 1880. 

(Signed) Pump Jorpay, 
[NOTARIAL SEAL. ] Notary Public, N. Y. Co. 


Umtrep States oF AMERICA, 
Southern District of New York, aa. 

I, Toxorny Grirriru, Clerk of the Circuit Court of the United 
States for the Southern District of New York, do hereby certify that 
the foregoing printed paper is a true and correct copy of an affidavit 
used upon a motion for a preliminary injunction in the suit of 
The American Bell Telephone Company et al. vs. The People’s Tele- 
phone Company et al, now on file and remaining of record in my 
Office. 

In witness whereof, I have subscribed my name and have 
caused the seal of said Court to be hereunto af- 
fixed, this twentieth day of March, in the year of 

[SEAL. ] our Lord, one thousand eight hundred and 
eighty-four, and of the Independence of the 
United States of America the one hundreth and 
eighth. 
Tmornr GRIFFITH, 
Clerk. 
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(No. 67.) Defendants’ Exhibit, Smithsonian Insti- 
tate, No. 1. 


J. A. W., Special Examiner. 
[Introduced in Case, p. 44.] 


SMITHSONIAN INSTITUTION, 
Wasuinaton, D. C., August 8, 1874. 


Dran Sm—I write to request that you will send us a part of the 
acoustic apparatus ordered last year, to the amount of, say, 3,000 
francs. 

Among the instruments, I wish especially to have the “Grande 
Soufflerie No. 75.” I leave the selection of the other articles to your- 
self. You have an account of what I purchased from you in 1870, dur- 
ing the war. 

I have made a series of experiments on fog signals and find the 
siren trumpet to be, by far, the most powerful. It was with one of 
these instruments that Prof. Tyndall made his experiments, and which 


he found to be superior in penetrating power to an 18-pounder can- 
non. 

You will please deliver the apparatus when completed to G. Bos- 
sange & Co., 16 Rue du 4 Septembre, and send us the bill and we 
will remit the money as early as Ist of January, when our interest 
becomes due. 


Yours truly, 
JOSEPH HENRY, 
Secy. Smith. Institu. 
Mr. Roporrn Kéenia, 
30 Rue an 
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(No. 68.) Defendants’ Exhibit, Smithsonian Insti- 
tute, No. 2. 


J. A. W., Special Examiner. 
[Introduced in Case, p. 44.] 


Paris, October 12, 1874. 
Pror. Henry, &c.: 


Sm—I have the honor to enclose herewith an invoice of the in- 
struments which, according to your order, I delivered to Mr. Bos- 
sange, October 9. You will find in the box of tuning forks in No. 
30c (or 218a) a screw on which is a little disc of platinum and a small 
piece with a platinum wire. The first is intended to be substituted 
for the cup of mercury and the latter to be put in place of the cir- 
cuit breaker on the tine of the tuning fork when it is desired to break 
the electric circuits by dry contact. 

I have also a remark to make in regard to the 8 rectangular pipes 
in No. 99. After making them with extreme accuracy, I found that 
they, like all organ pipes, exactly follow the law according to which 
theoretical half-wave of its fundamental is equal to the length of the 
pipe plus twice its depth, and that the pretended law according to 
which “rectangular stopped pipes have the same sound whatever 
their breadth, if the product of the height by the depth is the same,” 
is erroneous. In fact, the eight pipes of the series made so that the 
products of the ledgth by the depth should be the same, have the 
lengths 4, 4, 5”, 5’, 14”, 6, 7 2”, 9, 12, 18; the depths, 9, &, 7’, 6, 
5’, 4’, 3’, 2, or, 

2 9 42 22, 2 8 4.5 205", 2 6 6 18. 
2 4 9=17, 2 2 18 — 22, 2 7 65.14 19.14, 
2 8 7.2 17.2, 2 8 12— 18. 


and the sounds of the pipes correspond to these wave lengths and 
are not in unison. You see that he wave lengths for the four pipes 
which have the depths 6’ 5’ 4 and 3’ are not very different; those 
pipes almost sound in unison, and it was evidently that fact which 
deceived Lavart, who did not know the general law. 
Accept, &., 
(Signed) R. Kéznia. 
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(No. 69.) Defendants’ Exhibit, Smithsonian Insti- 
tute, No. 3. 


J. A. W., Special Examiner. 
„ | [Introduced in Case, p. 44] 
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Delivered for the Smithsonian Institution at Washington by 
Mr. Rudolph Kéenig, of Paris, 30 Rue Hautefeuille. 


INVOICE. 
OUT NO. 

1. 1. Eight pieces of wWoooũ ll. ꝗ . 5 francs. 
ar 4. Four tubes with pistonnnasasLsʒ . 26 “ 
a | „„ Rs oc oc ccccces cassvsssencnbapeneiee 32“ 
4 9. Whistling pipe ee 3 * 
JJ civ cccacccs cuss covesesepinuntbeas 3. 
| 12. Locomotive whistle. ............ cc ccc eececees 25 “ 
2 13-20. 8 mouth- pieces. 833 * 
4 JJ 16 * 
3 . 6 * 
2 26. Trevelyan's apparatus. oF 
| J dine ccccccncccocccodsechubnbadeoes * 
28. Wertheim’s apparatus 42 * 
1 — A hmum mꝶm‚d 62 * 
| 30 c. Universal electric interrupf ter 1.100 
SD, TED GE WIG, 605 ccc ccccccccvcccesceceece * 
49 a. Ten steel cylinder ses 60 * 
1 51. Closed resonating bol 50 “ 
Vy 55. Comparing apparatus 130 
| 59. Glass globe containing a little bell. 22 * 


. Clock-work bell for same experiment. 4, 
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(Mo. 68.) Defendants’ Exhibit, Smithsonian Insti- 
tute, No. 2. 


J. A. W., Special Examiner. 
[Introduced in Case, p. 44.] 


Parts, October 12, 1874. 
Pror. Henry, &c.: 


Sm! have the honor to enclose herewith an invoice of the in- 
struments which, according to your order, I delivered to Mr. Bos- 
sange, October 9. You will find in the box of tuning forks in No. 
90 (or 2182) a screw on which is a little disc of platinum and a small 
piece with a platinum wire. The first is intended to be substituted 
for the cup of mercury and the latter to be put in place of the cir- 
cuit breaker on the tine of the tuning fork when it is desired to break 
the electric circuits by dry contact. 

I have also a remark to make in regard to the 8 rectangular pipes 
in No. 99. After making them with extreme accuracy, I found that 
they, like all organ pipes, exactly follow the law according to which 
theoretical half-wave of its fundamental is equal to the length of the 
pipe plus twice its depth, and that the pretended law according to 
which “rectangular stopped pipes have the same sound whatever 
their breadth, if the product of the height by the depth is the same,” 
is erroneous. In fact, the eight pipes of the series made so that the 
products of the ledgth by thedepth should be the same, have the 
lengths 4, 4, 5”, 5’, 14”, 6, 7 2”, 9, 12, 18; the depths, 9, &, 7, 6, 
5’, 4, 3’, 2, or, 

2 9 4=—22, 2 8 4.5 205", 2 6 6 18. 
2 4 9=17, 2 2 18 = 22, 2 7 6.14 19.14, 
2 8 7.2 17.2, 2 8 12 18. 


and the sounds of the pipes correspond to these wave lengths and 
are not in unison. Tou see that he wave lengths for the four pipes 
which have the depths 6’ 5’ 4 and 3’ are not very different; those 
pipes almost sound in unison, and it was evidently that fact which 
deceived Lavart, who did not know the general law. 


&0., 
(Signed) R. Kom. 


SMITHSONIAN INSTITUTE, NO. 3. 6555 


(No. 69.) Defendants’ Exhibit, Smithsonian Insti- 
tute, No. 3. 


J. A. W., Special Examiner. 
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Delivered for the Smithsonian Institution at Washington by 
Mr. Rudolph Köenig, of Paris, 30 Rue Hautefeuille. 


OUT No. 
1. Eight pieces of wood 
4. Four tubes with pistons 


10. Helicophone 
12. Locomotive whistle 
13-20. 8 mouth-pieces 


26. Trevelyan's apparatus 
27. Rijke's tube 
28. Wertheim’s apparatus 


30 c. Universal electric interrupter 
38. Table of numbers 

49 a. Ten steel cylinders 

51. i 


Glass globe containing a little bell 
Clock-work bell for same experiment 
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92. Two pipes, one with mouth at the bottom........ 
95. Three pipes of copper, wood and paper 
96. Nine pipes for the law of dimensions............. 
97. Pipes with three pistons | 
99. Eight rectangular pipes 

100. Two cubical tubes 

101. 2 triangular prismatic pipes 

102. 3 rectangular prismatic pipes 

103. 2 glass pipes 

104-107. Four pipes for longitudinal vibrations. 

108. Flute in four pieces 

109. Hydraulic piston apparatus 

110. Four different pipes, containing the same amount 


111. Three pipes, two of them conical 
112. Five mitred pipes 
113. Eight open pipes, forming the gamut 
113 a. Eight closed pipes. 
116. Four pipes with circular mouths 
Box R. K. 54, 3 small boxes and packing 


Paris, 9 October, 1874. 
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(No. 70.) Defendants’ Exhibit, Smithsonian Insti- 
tute, No. 4. 


J. A. W., Special Examiner. 
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From Catalogue du Materiel Scientifique, of Rudolph Kéenig, 
Aout 1872 (page 28). 


7. ACOUSTIQUE. 


1. Apparsira Pour LA Propvucrion pu Sou ALANS LES PRINCIPAUX 
Cas. : 


x 1. Huit morceux de bois donnant la gramme quand 
on les jetts par tem Tun oprés l'autre 

x 2. Quatre morceax de bois donnant l’accord parfait. . 

x 3. Marteau d eau 

x 4. Quartre tubes avec piston, faisant entendre l'accord 
parfait, quand on dte successivement leurs 


x 6. 

x 7. 

x 8. pour faire viber les plaques par milieu 
x 9. Tube Siffleur de Cagniard de Latour 
x 10. Helicophone 


x 14. ” 
x 15. 
x 16. 
x 17. 
x 18. 
x 20. 
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x 22. Le meme a tuyan prismatique 
x 23. Froude musicale de Cagniard de Latour 


x 24. Siréne Voir No. 31 

x 25. Roues dentées, Voir No. 32 

x 26. Appareil de Trevelyan 

x 27. Tube de verre et disque en toile de fil de fer pour 
Texperience de M. Rijke 

X 28. Appareil de M. Wertheim (production de sous con- 


x 29. 

x. Interrupteur électrique dans lequel le ressort est 
remplacé par un diapason, deux pinees garmes 
d’electro aimants, et trois diapasons ut—1, ut 1, 
et ut 2, arrangés de facons qu ils puissent servir 
indistinctement pour Tinterrupteur 


(Wo. 71.) Defendants’ Exhibit, Didaskalia, No. 130, 
May 11, 1862. 


J. A. Welch, Sp. Examiner, May 13, 1884. 


[Introduced in Case, p. 75.] 


Telephony, that is, sound transmitting, is the name which that 
excellent physicist Mr. Reis, teacher at Fredericksdorf, gives his 
invention which is creating a sensation, and which is intended to 
use the éelegraph wires for the transmission of actually audible 
sounds. Our readers will probably remember having heard long ago 
of this invention, with which Mr. Reis made his first experiments 
before the physical society in this city. Since then it has been in a 
continual process of improvement and will doubtless become of 
great importance. 

Next Sunday, May 11, at 11 A. M., Mr. Reis will exhibit it at 
the regular session of the free German High School in the new hall. 
The necessary apparatus will be furnished with friendly 
by Professor Bottger. We do not neglect to call the attendance of 
the readers of Didaskalia to this interesting session as the 
society admits also persons who are not members. 


(No. 72.) Defendants’ Exhibit, Didaskalia, Ho. 138, 
May 14, 1863. 


J. A. Welch, Special Examiner, May 18, 1884. 


[Introduced in Case, p. 75.] 


; FaanxrortT, May 12th, 1862. 

Yesterday’s regular meeting of the free German High School 
was very largely attended, as the subject for the day, telephony by 
means of the galvanic current, discussed by the inventor Mr. Philip 
Reis, is of great interest and rightfully merits the most general 
attention. In a highly pleasing and very intelligible as well as 
clear and precise discourse Mr. Reis gave a historical sketch of 
the original development of his conception of the practical pos- 
sibility of transmitting sounds by means of galvaniam. 

His first experiments failed, mainly by the consideration of 
the cardinal question put by himself: How is it possible for one 
single instrument to reproduce the combined action of all the 
organs brought into activity by human speech, until it occurred 
to him to solve the problem by a consideration of the following 
questions: How does our ear receive the resultant of the vibra- 
tions of all the organs of speech in activity at once? How do 
we observe the vibrations of several simultaneously sounding 
bodies? To solve this question the lecturer went into an explan- 
ation of the anatomy of the ear and the theory of the produc- 
tion of sounds in general, and firmly basing his theories upon 
these considerations he again took up his experiments in trans- 
mitting sounds by means of galvanism. 

Mr. Reis then constructed on an enlarged scale a model of 
those organs of the ear which are concerned in the sense of 
hearing, and after numerous unsuccessful experiments he was 
at length enabled to transmit sounds which were received in 
this mechanical imitation of the ear. In the experiments made 
by him a few months ago at the Physical Society, the sounds 
were, to the surprise of all, exceedingly clear and distinct, while 
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the experiments following y's lecture were less successful, 
owing mainly to the imperfect laying of the wires which in furn 
tab] ; 


(No. 7.) Defendants’ Exhibit, Didaskalia, Ho. 1338, 
May 14, 1862. 


J. A. Welch, Special Examiner, May 13, 1884. 
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FrankFrorT, May 12th, 1862. 


Yesterday’s regular meeting of the free German High School 
was very largely attended, as the subject for the day, telephony by 
means of the galvanic current, discussed by the inventor Mr. Philip 
Reis, is of great interest and rightfully merits the most general 
attention. In a highly pleasing and very intelligible as well as 
clear and precise discourse Mr. Reis gave a historical sketch of 
the original development of his conception of the practical pos- 
sibility of transmitting sounds by means of galvanism. 

His first experiments failed, mainly by the consideration of 
the cardinal question put by himself: How is it possible for one 
single instrument to reproduce the combined action of all the 
organs brought into activity by human speech, until it occurred 
to him to solve the problem by a consideration of the following 
questions: How does our ear receive the resultant of the vibra- 
tions of all the organs of speech in activity at once? How do 

we observe the vibrations of several simultaneously sounding 
bodies? To solve this question the lecturer went into an explan- 
ation of the anatomy of the ear and the theory of the produc- 
tion of sounds in general, and firmly basing his theories upon 
these considerations he again took up his experiments in trans- 
mitting sounds by means of galvanism. 

Mr. Reis then constructed on an enlarged scale a model of 
those organs of the ear which are concerned in the sense of 
hearing, and after numerous unsuccessful experiments he was 
at length enabled to transmit sounds which were received in 
this mechanical imitation of the ear. In the experiments made 
by him a few months ago at the Physical Society, the sounds 
were, to the surprise of all, exceedingly clear and distinct, while 


the experiments following yesterday's lecture were less successful, 
owing mainly to the imperfect laying of the wires which in furn 
—— — 
Although much yet remains to be done for a practical devel- 
opment of the telephone, by it a new and interesting field of 
labor has been opened to the physicist. 
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TELEPHONY. 


It sounds more than wonderful when the possibility is asserted 
of carrying on a conversation with another person at a distance of 
hundreds of miles through the electric telegraph wire, so that he 
can hear with his bodily ear our voice with all its peculiarities, that 
he should hear the melody we are singing and that he should feel 
when we laugh, precisely as if he was standing alongside of us. 
But this possibility has, to a certain degree, already become to be a 
fact. 

The master teacher Reis, in Franfurt on the Main, had the good 
idea to make of the electro-magnectic telegraph, “which has hitherto 
been an eye reaching over many lands,” an ear which should reach 
full as far. 

In this strange organ of hearing the electro-magnetic apparatus 
takes the part of those bones of the ear which carry the commotion 
from one membrane to another, and the only difference between the 
cavity of the ear and the union of two such stations is, that in one 
case we are made sensible of the striking of the sound waves against 
the ear drum by means of a lever, and in the other by means of the 
commotion of an iron rod. 

Figure 417 shows us Reis 's telephone, which has the following 
construction. 

At the first station I there is a hollow box with a sound receiver 
A in front, into this sound receiver you sing the melody which you 
wish your distant hearer to hear. On top of the box there is an 
opening tightly covered with a membrane m of swinegut. On top 
of this membrane there lies a very thin plate of platina p, which is 
touched by the point of a pencil n, made of platina with a very 
sensitive spring. The point of this pencil is placed so that it will 
but just touch the plate y when the membrane is motionless, but 
leaves the same by each motion when the same swing to and fro. 
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current which comes from the Bunsen battery (three to four ele- 
ments), and goes through the binding screws a into the plate p, and 
out of that into the pencil u, and to the second binding screw ö. 
From 6 the wire leads to the second station and around the spiral 
OC, and goes from there through the binding screw d and through 
the wire o connected therewith back into the battery. In the centre 
of the spiral lies a small iron rod, fastened on both ends to the 
bridges ff, which rest on the sounding boardgg. The parts I, i, E, A 
in both stations belong to a telegraphic arrangement, by means of 
which the attention of the distant audience may be called to the 
beginning of a message. The reproduction of a sound depends now 
mainly upon the commotion of the iron rod which is magnetised by 
the electric current moving around the spiral. As insignificant each 
single movement of the smallest parts may appear, they are strong 
enough to give the sensation of a sound through their regular and 
quick repeating and the assistance of the sounding board. The 
continuation of the currents going through depends on the vibration 
of the membrane m, in the first station, and consequently the sound 
in the second station must be in regard to its pitch in 
perfect accord with the sound sung into the sound receiver A. 

As early as October, 1861, Reis had made successful trials with 
his apparatus. A melody sung with a medium loud voice was re- 
produced at a distance of 100 metres. Although the 
problem of “ far-speaking ” may so far only be considered solved in 
theory, and the apparatus has not yet that perfection which would 
make it possible for a speaker to interest large gatherings at 
numerous distant parts of the earth, it is nevertheless interesting 
enough to be described in this place. 
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TELEPHONY. 


The immense velocity of transmission possessed by electricity 
directed attention as long ago as the middle of the last century 
as to the possibility of using this unknown force for sending 
messages with rapidity to a great distance, but not until within 
twenty years has telegraphy, by means of the galvanic current, 
come into practical use, and has now so far advanced that the 
telegraphic apparatus, animated by the galvanic current, commits 
the messages to paper. 

These surprising successes in the field of telegraphy have 
probably often pushed into the foreground the question of the 
possibility of the direct transmission of speech. Experiments in 
that direction, however, had not as yet shown any satisfactory 
results, because the vibrations of sound quickly lose their inten- 
sity, through the media of transmission, to such an extent that 
they become indistinguishable to our senses. Probably some 
have thought of a reproduction of sounds by means of the gal- 
vanic current, but the very persons who would have been the 
most capable on account of their knowledge and resources, hesi- 
tated to undertake the solution of the problem, and were most 
skeptical as to its practicability. To those less acquainted with 
physics, the problem, when they understand it, appears less diffi- 
cult, because they do not foresee the difficulties. 

So had Reis at Fredrichsfeld, at Frankfurt a. M., about 
nine years ago, as he himself says, with much enthusiasm for 
the novelty, and with limited knowledge of physics, the audacity 
to attempt a solution of this problem, but was soon obliged to 
abandon it, because the first experiment convinced him of its 
impossibility. Later on, after further study, Reis could see 
that his first experiment was very crude and in no wise con- 
vincing. But he did not then take up the question again in 


earnest, because he considered himself unequal to the task of 
overcoming the obstacles to be encountered on the way. But 
the impressions of youth are strong and not easily obliterated, 
and consequently Reis could not banish the impression 

by his first experiment, and, in spite of the opposition of his judg- 
ment and half against his will, the project of his youth was taken 
up again at many a leisure hour, and the obstacles and the means 
of overcoming them balanced, but not as yet put to the test of 
experiment. How should one instrument reproduce the com- 
bined movements of all the organs brought into activity by hu- 
man speech? This was always the cardinal question. At last 
Reis was struck with the idea of putting this question in a dif- 
ferent form, as: How does our ear perceive the total vibrations 
of all the organs of speech in activity at the same time? Or, 
taken more generally: How do we perceive the vibrations of 
various bodies sounding at the same time? To answer this ques- 
tion let us see what must be done in the first instance to perceive 
each separate sound. Without an ear each separate sound is 
nothing but the quick repeating (at least seven to eight times a sec- 
ond) of rarefactions and condensations of a body. If this happens 
in the same medium in which we ourselves are contained, the mem- 
brane of our ear will be forced into the cavity of the ear with each 
condensation, and by the following rarefaction will move in the op- 
posite direction. These vibrations cause the hammer to be lifted 
from and dropped upon the anvil in the same measure of time, or, 
according to others, an approach and recession of the minute bone 
atoms of the ear and a corresponding number of vibrations of the 
cochlea substance or fluid in which the ends of the nerve of hearing 
are spread. 

The greater the condensation of the sound-conducting medium 
at a given moment, and the longer the vibrating width of the mem- 
brane and the hammer, the stronger, consequently, will be the strdéke 
on the anvil, and the vibration transmitted through the fluid to the 
nerves. According to this it is the office of the organs of hearing to 
carry every condensation or rarefaction which occurs in their sur- 
rounding medium with accuracy to the nerve of hearing, and the 
office of the nerve of hearing is to bring the vibrations of matter in 
a given time, as well by number as by size, to our congciousness. 
Not until now do certain combinations receive definite names. Not 
until now do certain vibrations become melodies or discords. What- 
ever comes to the sensibility of the nerve of hearing is, therefore, 
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merely the activity of a power brought to our consciousness, and 
this may be graphically illustrated by a curve, according to time and 
size, as in figure 1. The line a 3 is to indicate any given 
time, and the curve above the line (x) condensation, the curve under 
the line (—) rarefaction. So each ordinate erected at the end of an 
abscissa shows us the strength of condensation at a given moment 
at the starting point, in consequence of which the membrane 
vibrates. Anything other than can be illustrated by similar curves 
our ear is absolutely unable to perceive, and this is sufficient to 
bring every source and combination of sound clearly to our con- 
sciousness. When various sounds are created at the same time, the 
sound-conducting medium is under the influence of various simulta- 
neous forces, and the following two laws are imperative. If all the 
forces act in the same direction, the size of the wave is proportional 
to the total of the forces ; but if the forces act in opposite directions, 
the size of the wave is proportional to the difference of the opposed 
forces. 

If, for instance, we illustrate singly the condensation curves of 
three sounds, we can, by summing the ordinates of equal abscissae, 
designate new ordinates and establish a new curve, which we may 
call a combination curve ; and this will show us precisely what our 
ear perceives at the same time of the three combined sounds. That 
a musician would recognize again each separate sound is not to be 
wondered at more than the fact that one acquainted with the science 
of colors should readily discern in green the colors of blue and yel- 
low. The combination curves show these differences in a very 
limited degree, as in them reappear successively all the proportions 
of the components. In accords of more than three sounds it is cer- 
tainly not so easy to recognize the proportions in the drawing, but 
it is equally difficult for a good musician to distinguish in such 
accords each separate sound. 

From the above we can see that as soon as 1t shall be possible 
to create vibrations anywhere and in any manner whose curves are 
equal to those of a certain sound or combination of sounds, we shall 
receive the same impression as the sound or combination of sounds 
would have produced. : 

Placing himself upon these principles, Mr. Reis succeeded in 

ing a very simple apparatus, as shown in figure 2, by the 
aid of which he is enabled to reproduce the sounds of various in- 
struments, and, to a certain degree, also the human voice. On the 
wooden cube (r, 6, t, u, v, w, 2) is the cavity (a), closed on one side 
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by the membrane (5) of hog’s intestine, on the centre of which is 
fastened a platina strip, which serves as conductor to the galvanic 
current. This is connected with the binding screw (H). From the 
binding screw (n) another small metallic strip is placed over the 
centre of the membrane, and is connected with a platinum wire, 
which is placed at a right angle with the longitudinal axis and the 
broad side of the cube. From the binding screw (p) a conducting 
wire goes through the battery to a distant station, and ends there in 
a spiral of silk covered copper wire, which again leads back to the 
conductor, which ends in the binding screw (un). The spiral at the 
distant station is fully six inches in length, and carries six layers of 
thin wire, and has in its centre, as a nucleus, a knitting kneedle, 
which protrudes on each end fully two inches. The spiral rests with 
the protruding ends of the wire on two bridges of a sounding board. 
Of course, the whole of this part can be replaced by any apparatus 
by which you can produce the well-known galvanic tones. If, now, 
sounds or combination of sounds are produced in the vicinity of this 
block, so that strong waves will enter the opening (a), they will 
cause a vibration of the membrane (5). With the first condensation 
the hammer-shaped wire (d) will be pushed back; with the follow- 
ing rarefaction the wire cannot follow the retreating membrane, and 
the current which flows through the strip remains interrupted until 
the membrane is driven back by a new condensation, and presses 
the strip again from (v) to (d). Every wave of sound thus produces 
an opening and closing of the current. Every closing of the circuit 
causes the atoms of the needle, at the distant station, to repel each 
other and to seek again their natural position at every interruption 
of the current. As this occurs they make, in consequence of the 
alternate action of elasticity and inertia, a number of vibrations, and 
give the longitudinal sound of the wire. Such is the action when 
the opening and closing of the current is comparatively slow. If 
they occur faster than the oscillations of the iron rod, which are de- 
pendent upon elasticity, are produced, if the fact that the atoms 
cannot describe their full course, their causes grow shorter as the 
interruptions grow faster, but still just as fast as these. The iron 
rod no longer gives its longitudinal sound, but a sound whose pitch 
agrees with the number of interruptions in a given time. All this 
means that the rod produces the sound that is transmitted to it 
through the interrupting apparatus. The strength of the sound, 
also, is in proportion to the original source, for the stronger the 
original sound, the stronger the vibration of the membrane, and the 
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greater the movement of the minute hammer the longer time the 
circuit remains closed; and, consequently, the larger, to a certain | 
degree, the movement of the atoms in the reproducing rod which we 
perceive as a longer vibration, just as we should have perceived the 
original wave. 

As to the length of the conducting wire, it can be stretched as 
far as in telegraphy by the galvanic current. Reis has given this 
apparatus the name of telephone. 

In regard to what it is able to accomplish, it may be mentioned 
that Reis has been able, before a largely attended meeting of the 
Physical Society, at Frankfurt-A.-M., to produce audible melodies 
which were sung, not very loudly, into an apparatus placed in the 
closed room of a house three hundred feet distant, 

Other experiments have proved that ‘the rod is able to reproduce 
triple sounds of a piano on which the telephone stands, Fig. 3, 

and finally that the same will reproduce the sounds 
of other instruments—such as the concertina, clarionette, horn, 
organ pipes, &c., provided the sounds belong to a certain range, 
say F to f. 

It is needless to mention that at all these experiments there was 
sufficient investigation to prevent a direct conduction of sound. 
This investigation can easily be made by a good interrupter—placed 
close to the coil, which of course stops the operation of the instru- 
ment for the time being. 

Up to this time it has been impossible to reproduce the sound 
of human speech in such a degree as to be perfectly audible to any 
one. The consonants were in most cases reproduced almost per- 
fectly, but not so the vowels; the cause of this may be found in the 
following, as has been ascertained by the experiments of Willis, 
Helmholz and others: Vocal sounds can be artificially produced by 
increasing the vibrations of a body at intervals through another 
body, as for instance: An elastic spring is set in vibration by the 
stroke of a cog of a wheel; the first vibration is the largest, and 
every following one is smaller than its predecessor, Fig. 3. 

If, after a few vibrations of this kind, another stroke follows, 
before the spring comes to a rest, the next vibration will again be 
the largest, and so on. The height and depth of a sound depends 
upon the number of vibrations made in a given time, and the char- 
acter of the sound upon the number of such cog strokes in a given 
time. Two vowels at the same pitch may be illustrated and dis- 
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tinguished in figures 4 and 5, whereas the same sound without the 
attributes of a vowel may be illustrated by Fig. 6. 

Our organs of speech probably produce the vowels in the same 
way through a combined action of the upper and the lower glottis, 
or the latter and the cavity of the mouth. The apparatus gives us 
the number of vibrations, but their force is much reduced from the 
original.and most likely to a certain degree, proportionally among 
them all. This difference between the generally smaller vibrations 
is certainly much harder to recognize than the original wave, and, 
much to be done towards a practical development of telephony, but, 
as the beginning has now been made, we shall not have long to wait 
for farther advance. A broad field of labor has thus been opened 


for the physicist. 
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degree, the movement of the atoms in the reproducing rod which we 
perceive as a longer vibration, just as we should have perceived the 
original wave. 

As to the length of the conducting wire, it can be stretched as 
far as in telegraphy by the galvanic current. Reis has given this 
apparatus the name of telephone. 

In regard to what it is able to accomplish, it may be mentioned 
that Reis has been able, before a largely attended meeting of the 
Physical Society, at Frankfurt-A.-M., to produce audible melodies 
which were sung, not very loudly, into an apparatus placed in the 
closed room of a house three hundred feet distant, 

Other experiments have proved that the rod is able to reproduce 
triple sounds of a piano on which the telephone stands, Fig. 3, 

and finally that the same will reproduce the sounds 
of other instruments—such as the concertina, clarionette, horn, 
organ pipes, &c., provided the sounds belong to a certain range, 
say F to f. 

It is needless to mention that at all these experiments there was 
sufficient investigation to prevent a direct conduction of sound. 
This investigation can easily be made by a good interrupter—placed 
close to the coil, which of course stops the operation of the instru- 
ment for the time being. 

Up to this time it has been impossible to reproduce the sound 
of human speech in such a degree as to be perfectly audible to any 
one. The consonants were in most cases reproduced almost per- 
fectly, but not so the vowels; the cause of this may be found in the 
following, as has been ascertained by the experiments of Willis, 
Helmholz and others: Vocal sounds can be artificially produced by 
increasing the vibrations of a body at intervals through another 
body, as for instance: An elastic spring is set in vibration by the 
stroke of a cog of a wheel; the first vibration is the largest, and 
every following one is smaller than its predecessor, Fig. 3. 

If, after a few vibrations of this kind, another stroke follows, 
before the spring comes to a rest, the next vibration will again be 
the largest, and so on. The height and depth of a sound depends 
upon the number of vibrations made in a given time, and the char- 
acter of the sound upon the number of such cog strokes in a given 
time. Two vowels at the same pitch may be illustrated and dis- 
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tinguished in figures 4 and 5, whereas the same sound without the 
attributes of a vowel may be illustrated by Fig. 6. 

Our organs of speech probably produce the vowels in the same 
way through a combined action of the upper and the lower glottis, 
or the latter and the cavity of the mouth. The apparatus gives us 
the number of vibrations, but their force is much reduced from the 
original and most likely to a certain degree, proportionally among 
them all. This difference between the generally smaller vibrations 
is certainly much harder to recognize than the original wave, and, 
much to be done towards a practical development of telephony, but, 
as the beginning has now been made, we shall not have long to wait 
for further advance. A broad field of labor has thus been opened 
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greater the movement of the minute harower the longer time the 

circuit remains closed ; and, consequently, the larger, to a certain 

degree, the movement of the atoms in the reproducing rod which we 

perceive as a longer vibration, just as we should have perceived the 
wave. 

As to the length of the conducting wire, it can be stretched as 
far as in telegraphy by the galvanic current. Reis has given this 
apparatus the name of telephone. 

In regard to what it is able to accomplish, it may be mentioned 
that Reis has been able, before a largely attended meeting of the 
Physical Society, at Frankfurt-A.-M., to produce audible melodies 
which were sung, not very loudly, into an apparatus placed in the 
closed room of a house three hundred feet distant, 

Other experiments have proved that the rod is able to reproduce 
triple sounds of a piano on which the telephone stands, Fig. 3, 

and finally that the same will reproduce the sounds 
of other instruments—such as the concertina, clarionette, horn, 
organ pipes, &c., provided the sounds belong to a certain range, 
say F to f. 

It is needless to mention that at all these experiments there was 
sufficient investigation to prevent a direct conduction of sound. 
This investigation can easily be made by a good interrupter—placed 
close to the coil, which of course stops the operation of the instru- 
ment for the time being. 

Up to this time it has been impossible to reproduce the sound 
of human speech in such a degree as to be perfectly audible to any 
one. The consonants were in most cases reproduced almost per- 
fectly, but not so the vowels; the cause of this may be found in the | 
following, as has been ascertained by the experiments of Willis, a 
Helmholz and others: Vocal sounds can be artificially produced by a 
increasing the vibrations of a body at intervals through another 
body, as for instance: An elastic spring is set in vibration by the 
stroke of a cog of a wheel; the first vibration is the largest, and 
every following one is smaller than its predecessor, Fig. 3. 

If, after a few vibrations of this kind, another stroke follows, 
before the spring comes to a rest, the next vibration will again be 
the largest, and so on. The height and depth of a sound depends 
upon the number of vibrations made in a given time, and the char- 
acter of the sound upon the number of such cog strokes in a given 
time. Two vowels at the same pitch may be illustrated and dis- 
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tinguished in figures 4 and 5, whereas the same sound without the 
attributes of a vowel may be illustrated by Fig. 6. 

Our organs of speech probably produce the vowels in the same 
way through a combined action of the upper and the lower glottis, 
or the latter and the cayjty of the mouth. The apparatus gives us 
the number of vibrations, but their force is much reduced from the 
original and most likely to a certain degree, proportionally among 
them all. This difference between the generally smaller vibrations 

is certainly much harder to recognize than the original wave, and, 
therefore, the vowels are more indefinite. There certainly remains 
much to be done towards a practical development of telephony, but, 
as the beginning has now been made, we shall not have long to wait 
for further advance. A broad field of labor has thus been opened 
for the physicist. 
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TRANSMITTING MusIcaL VIBRATIONS. 


LETTERS PATENT to John Henry Johnson, of 47, Lincoln’s Inn 
Fields, in the County of Middlesex, Gentleman, for an inven- 
tion of Improvements in apparatus in transmitting musical 
vibrations or signals by means of electricity.” A communi- 
cation from abroad by Elisha Gray, of Chicago, County of 
Cook, State of Illinois, United States of America. 


Complete specification filed by the said John Henry Johnson at the 
office of the Commissioners of Patents, on the 16th March, 
1875. 


John Henry Johnson, of 47, Lincoln’s Inn Fields, in the 

County of Middlesex, gentleman. “Improvements in apparatus 

5 for transmitting musical vibrations or signals by means of elec- . 
tricity.” A communication from abroad by Elisha Gray, of 
Chicago, County of Cook, State of Illinois, United States of 
America. : 

This invention relates to apparatus for transmitting musical 

vibrations by means of electricity from a distance, which appa- 

10 ratus is known as the telephone, and the invention consists in 
the method of, and apparatus for, transmitting and receiving 
simultaneously or otherwise, on a single circuit, two or more 
musical tones of different pitch. 

It also consists in the combination of apparatus operating 
in the above-named manner with a series of Morse sounders or 
printing telegraph apparatus,‘each operated in its own local 

15 circuit, whereby it is rendered possible to transmit two or more 
messages simultaneously on a single main circuit. 


10 


15 
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And in order that the said invention may be fully understood 
I shall now proceed more particularly to describe the same, and 
for that purpose shall refer to the several figures on the annexed 
sheet of drawings, the same letters of reference indicating cor- 


20 responding parts in all the corresponding figures. 


Figure 1 of the accompanying drawings is a view in elevation 
of the instrument used for transmitting ; figure 2 is a plan view 
of the same, showing the connections with the local and main 
circuits ; figure 3 is a view in elevation of the instrument used 
for receiving, and figure 4 is a plan view of the same, also show- 
ing the connection with the main and local circuits ; and figure 


25 5 is a diagram showing the transmitting and the receiving in- 


struments connected in a single main circuit, and the arrange- 
ment of the keys, sounders and local circuits at the transmit- 
ting and receiving stations, whereby two messages may be 
transmitted simultaneously. 

In the specification of letters patent dated July twenty-ninth, 
one thousand eight hundred and seventy-four, No. 2646, 


5 granted to me on behalf of the said Elisha Gray, there is de- 


scribed a method of transmitting musical tones of any desired 
pitch by sending in series of electrical impulses corresponding 
in number per second to the number of audible vibrations per 
second in the musical tone which it is desired to produce 
through an electro-magnet, whereby the same is made to vi- 
brate in correspondence with the impulses, and consequently 
gives forth the tone desired. 

This method of transmitting musical vibrations is employed 
in carrying the present invention into effect. 

This invention is also based upon the law that every vibrating 
string or bar of definite thickness, length and tension has a 
certain definite rate of vibration per second at which it will al- 
ways vibrate with the production of a second definite musical 
note when in motion, which note is known as the fundamental 
of the bar or string. 

I will now describe the construction and operation of the 
transmitting and receiving apparatus employed according to 
this invention, from which description the manner in which this 
law of vibrating strings is applied and utilized will be made 
evident. 

These receiving and transmitting instruments are similar in 
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their construction, but differ in the arrangement of their electri- 
cal connections. 

A is the supporting base; B, Bi, are two columns of metal 
supported in this base ; and C is a brass bar connecting these 
two columns. F is a frame of metal suspended under the bar 
C, and attached thereto, and I is an electro-magnet supported 
in the frame F whose poles extend through the bar c. The 
electro-magnet on the receiving instrument is wound with finer 
wire than on the magnet in the transmitting apparatus. D is a 
thin bar of steel which is stretched above the bar C, between 
suitable supports on the same, and has attached thereto a screw 
and head L, by means of which its tension may be regulated at 
will. This steel bar is over the projecting poles of the electro- 
magnet, but does not come in contact with the same. M, Mi, 
N, Ni, are binding screws, by means of which connection is 
made with the local and main circuits. The connections are 
different in the transmitting and receiving instrument, and I 
will first describe the connections of the former, which are 
shown clearly in the plan view in figure 2. Figure 1 shows an 
upright projection H, from the bar C, having a contact point i, 
therein which is opposed to a contact-piece on the bar D. O 
shows a contact point under and almost in contact with the bar 
D, which contact point is attached to a bar K, shown in 
figure 2. 

The connections are as follows, and are shown in figure 2: 
From the local battery the current passes to binding screw N, 
then by wire c, to the projection H, then by contact point i, to 
bar D, then by the column B to the wire d, then through the 
magnet I and wire a to the binding screw N!. The main cur- 
rent enters at the screw M, then passes by the wires e and d to 
arm K, and contact point O, to the bar D, then by column Bi 
and wire F to the screw MI. 

When the local circuit is closed by means of a key in the 
usual manner the magnet will be excited and the bar D will be 
attracted ; this will break the circuit at the point i, the spring 
bar D will then be released and the circuit will be again closed 
through the magnet. This automatic breaking and closing will 
continue as long as the circuit is closed at the key, and the re- 
sult will be that the bar will be thrown into vibration a certain 
number of times per second, and will produce a tone of a pitch 
determined by the thickness, length and tension of the bar, and 
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containing exactly the same number of audible vibrations per 
second as these closures of the circuit at the point i. 

The main circuit is closed at the point O every time the bar 
D is attracted, and a series of electric impulses are consequently 
transmitted to the main circuit corresponding in number to the 
audible vibrations in the fundamental tone of the vibrating 
bar. 

At the receiving instrument shown in Figures 3 and 
4, the main circuit enters at the point N, passes by wire a to 
the electro-magnet I, then by the wire 3 to the point N, and 
thence to the ground. If there is a local circuit, it passes from 
screw M by wire e to bar H, and the contact point to bar D, 
and by wire F to screw M. When the succession of electric 
currrents pass through the magnet I of the receiving instrument, 
it will be thrown into vibration on principle before explained, 
and will give forth a musical tone of the same pitch as that 
given by the vibrating bar at the transmitting instrument. 

If the tone given by the magnet is the same as the funda- 
mental of the bar D strectched above it, this bar D will be 
thrown into sympathetic vibration, and will also give the same 
tone, and during its vibration it will come against the point H 
and close the local circuit. If an electro-magnet is placed in 
this circuit, its armature will be attracted, and as the interrup- 
tions in the local circuit are so short as not to permit the 
demagnetization of the magnet and the consequent release of 
the armature the latter will remain down. } 

Figure 5 is a diagram representing two transmitting and 
two receiving instruments at opposite stations, connected by a 
single main circuit. 

The vibrating steel bars d and e of the transmitting instru- 
ments are tuned to a different fundamental, and the steel bars 
ei di of the receiving instruments correspond to each of those 
respectively. The bar e gives the note D C of the scale, and 
the bar d the note D. Each of these transmitting instruments 
bas its independent local battery, which by the electro-magnet 
of each instrument is operated, and each instrument is con- 
nected as shown in branches with the single main circuit at the 
points L M and LI MI. 

At the receiving station the main circuit passes through the 
electro-magnets of both instruments; and each instrument is 
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connected at the points H N and HI NI, with a local circuit 
passing through a sounder. 

The method in which the apparatus — is as follows: 

If the local circuits be closed by depressing the key K KI, 
the bars e and d will be vibrated, as before explained, and a 
series of impulses of electricity from the main battery will be 
transmitted per second to the line, the instrument C transmit- 
ting the same number of impulses as these audible vibrations 
to the note C, and the instrument D transmitting the same 
number of impulses as there are audible vibrations in the 
note D. 

These electric impulses will all pass through the magnets 
I, I', of both the instruments Ci, Di, at the receiving station, 
and will cause them to vibrate; but inasmuch as the bar ei 
above the electro-magnet I can vibrate at a certain rate only, 
it will give forth only its fundamental note C, and the bar di, 
above the electro-magnet I', will give forth only its fundamen- 
tal note D, which corresponds with the tone produced at the 
transmitting station. 

In this manner the two notes are produced simultaneously 
at the receiving station. 

There may be as many transmitting instruments and inde- 
pendent local circuits as there are tones and semi-tones in two 
or more octaves, and each vibrating bar may be tuned to differ- 
ent notes on the scale. The instruments may be placed side 
by side, and then respective local keys are arranged like the 
keys of a piano, so that a tune consisting of notes and chords 
can be easily played; or the transmitting instruments may be 
separated at any distance from each other. At the receiving 
station there will be a corresponding number of instruments, 
and they may be side by side or also separated from each 


other by any distance. The transmitting instruments may be 


connected with an induction coil, by which means induced cur- 
rents instead of ordinary currents may be sent to the wire. 
Inasmuch as the vibration of each instrument affects the 
bar of the receiving instrument only, which is tuned to the 
same fundamental as the transmitting instrument corresponding 
to it, and as the main circuit pass through all the magnets 
and is therefore never broken unless all the instruments and 
the transmitting station are out of action, it is known that the 


interruption of one tone by opening the key corresponding 
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thereto will cause the cessation at the receiver of that tone 
alone, and that the other instruments will be unaffected, so 
that in this manner two or more signals may be transmitted 
simultaneously. 

The signals may be given by short and long interruptions 
in a continuous tone, or by means of a Morse sounder, which is 
‘placed in a local circuit connected with each receiving instru- 
ment, as shown at 8, S', in the diagram. 

As long as the bar vibrates the local circuit through the 
magnet will close, but when these vibrations cease in obedience 
to the movement of the key at the transmitting station the 
local circuit will open and the armature lever will make a 
back stroke. 

Printing instruments may be placed at these local circuits 
instead of Morse sounders, which will be operated on the 
interruption of the local circuit, and may be arranged in any 
manner which will occur to any person familiar with the 
method of telegraphing and the construction of telegraph 
instruments. 

Instead of receiving the vibrations upon electro-magnets, as 
shown, they may be received upon a plate of metal by the 
_ method described in the specification before mentioned, and by 

the use of resonators or organ pipes, each tuned to a certain 
fundamental, any desired simple tone may be selected from the 
clang or compound tone which is produced by the vibrating 
plate. 

Instead of automatic circuit breakers operated electrically, 
mechanical circuit breakers may be used, or the circuit may be 
broken by means of platina points in the reeds of organ pipes. 
This invention admits of being carried into effect in many 
different ways, which will be obvious to those skilled in the aré 
to which it pertains. 

Having now described and particularly ascertained the nat- 
ure of the said invention, and the manner in which the same 
is, or may be used or carried into effect, I would observe in con- 
clusion that what I consider to be novel and original, and there- 
fore claim as the invention secured to me by the hereinbefore 
in part recited letters patent is : 

First. The method of transmitting two or more musical 
tones of different pitch simultaneously or otherwise through a 
single line wire by menns of two or more circuit interrupters, 


85 each acting independently but connected in the game main cir- 
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cuit to the line, and each transmitting to the line a succession 
of impulses of electricity of equal length, the number of im- 
pulses transmitted per second by each circuit interrupter being 
different, but equal foreach circuit interrupter to the number of 
audible vibrations per second in a musical tone of a certain 
pitch, in combination with a vibrating or resonant instrument 
at the receiving station, which instrument is connected to the 
line, is a conductor of electricity, and is thrown into vibration 
by the impulses of electricity transmitted through it so as to 
give forth a musical tone, as and for the purpose hereinbefore 
described. 

Seconp. In combination with two or more circuit interrupt- 
ers, each acting independently but connected in the same main 
circuit to the line, and each transinitting to the line a succes- 
sion of impulses of electricity of equal length, the number of 
impulses transmitted per second by each circuit interrupter being 
different but equal for each to the number of audible vibra- 
tions per second in a musical tone of a certain pitch, a vibrat- 
ing and resonant receiving instrument which is a conductor of 
electricity, and which is thrown into vibrations by the impulses 
of electricity transmitted through it so as to give forth a mu- 
sical tone, and two or more resonators, or analyzers, or organ 
pipes, each of which will vibrate to a certain fundamental tone 
only, substantially as and for the purpose hereinbefore de- 
scribed. 

Tump. In combination with two or more circuit interrupt- 
ers, each acting independently but connected in the same main 
circuit to the line, and each transmitting to the line a succes- 
sion of impulses of electricity of equal length, the number of 
impulses transmitted by each circuit interrupter per second 
being different, but equal for each to number of audible vibra- 
brations per second in a musical tone of a certain pitch, two 
or more receiving instruments which are in the same main cir- 
cuit and are each provided with a vibrating bar or its equivalent 
which is pitched to a certain fundamental, and gives forth a 
musical tone when the number of electrical impulses transmit- 
ted through the receiver per second are equal to the number 
of audible vibrations in the tone to which the bar or its equiv- 
alent is pitched. 

Founrn. In combination with two or more circuit interrupt- 
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ers, each acting independently but connected on the same main 
circuit to the line, and each transmitting to the line a succes- 
sion of impulses of electricity of equal length, the number of 
impulses transmitted per second by each circuit interrupter 
being different, but equal for each circuit interrupter to the 
number of audible vibrations per second in a musical tone of a 
certain pitch, two or more receiving instruments connected in 
the same main circuit, and each provided with a vibrating bar 
or its equivalent, which bar is tuned to a certain pitch and 
gives forth a musical note when the impulses of electricity 
transmitted through the receiving instrument correspond in 
number to the audible vibrations in the note produced by the 
said bar, and two or more local circuits through sounders or 
printers, each of which circuits is connected to a correspond- 
ing vibrating bar, and is closed when said bar is thrown into 
vibration, substantially as and for the purposes hereinbefore 
described. 

Firn. 8 instrument, consisting of the combi- 
nation of the magnet I, frame B, Bi, C, F, vibrating bar D, con- 
tact points O and i, and circuits a, 5, e, d, e, ,, substantially as 
hereinbefore described and illustrated by drawings. 

Surn. A receiving instrument, consisting of the combina- 
tion of the electro-magnet I, frame B, B', C, F, vibrating bar D, 
contact point H, and circuits a, 5, e, f, substantially as herein- 
before described and illustrated by the drawings. 


In witness whereof, I, the said John Henry Johnson, 
have to this, my complete specification, set my 
hand and seal, this ninth dayof March, one thou- 
sand eight hundred and seventy-five. 

J. Henny Jonnson II. S.] 
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(No. 76.) Defendants’ Exhibit, Disclaimer and Memo- 
randum of Alteration, of William Morgan- 
Brown, &c. 


J. A. W., Sp. Ex r. 
A. D. 1876. No. 4765. 
(Introduced in Case, p. 410.] 


Exectric TELEPHONY AND TELPHONIC APPARATUS. 


MORGAN BROWN S DISCLAIMER AND MEMORANDUM OF ALTERATION. 
Filed 13th February, 1878. 


In the matter of letters patent granted to William Morgan-Brown 
of the firm of Brandon & Morgan-Brown, engineers and 
patent agents, of 38 Southhampton Buildings, London, and 
1 Rue Laffitte, Paris, for the invention of “ Improvements in 
Electric Telephony (transmitting or causing sounds for tele- 
graphing messages) and Telephonic Apparatus.” A com- 
munication from abroad by Alexander Graham Bell, of the 
University of Boston, Massachusetts, United States of 
America, professor of vocal physiology, bearing date 9th 
December, 1876, No. 4765. 


10 Disclaimer and memorandum of alteration as proposed to 
be entered by the said William Morgan-Brown, of certain parts 
in the specification of the said letters patent, pursuant to the 
statute in that case made and provided. 

Whereas, her most excellent Majesty Queen Victoria, by 
her letters patent, under the great seal of the United King- 
dom of Great Britain and Ireland, bearing date the 9th day of 
December, 1876, No. 47657*, did for herself, her heirs and suc- 
cessors, give and grant unto the said William Morgan-Brown, 
his executors, administrators and assigns, the sole privilege of 
making, using, exercising and vending within the United King- 

20 dom of Great Britain and Ireland, the Channel Islands, and 

the Isle of Man, the said invention for the term of 14 years 
from the date of the said letters patent. And whereas, since 
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the filing of the specification in pursuance of the said letters 
patent I, the said William Morgan-Brown, have ascertained 
that some of the claims made therein are too wide, and com- 
prise, as forming parts of the said invention, parts that were 
not new in the United Kingdom at the date of the said letters 
patent, by reason of descriptions thereof having been pub- 
lished in England before the 9th December, 1876, and in par- 
ticular certain descriptions of telephonic apparatus that had 
been invented and used by the said Alexander Graham Bell, in 
America, prior to the said date. And whereas, it has been as- 
certained that parts of the said invention, as described in the 
said specification, are not of sufficient practical utility. And 
whereas, I am desirous for the above reasons of amending my 
said specification by disclaimer and memorandum of alteration, 
as hereinafter set forth, and of confining the claims in the said 
specification to arrangements of telephonic apparatus, wherein 
are employed plate armatures or armatures other than those 
carried by a membrane, and arrangements wherein are em- 
ployed permanent magnets or magnets excited by batteries 
which are not in the main circuit or line wire. And whereas, 
I, the said William Morgan-Brown, for the reasons aforesaid, 
am desirous, by and with the leave of her Majesty's Attorney- 
General, to disclaim the portions of the said specifications 
hereinafter mentioned, and to alter and amend the said specifi- 
cation in manner following—that is, by a disclaimer and memo- 
randum of alteration, which cannot and does not extend the 
exclusive right granted by the said letters patent. 

For the reasons aforesaid I insert after the word “ appar- 
atus on page 11, line 12, of the Queen's printers’ copy of the 
said specification (second edition) the words following, as 
hereinafter described and claimed in the claiming clauses here- 
unto annexed ;” and I strike out the whole of the paragraph on 
the same page 11, beginning with the words “in all,” in line 12, 
and ending with the word “direction,” in line 21; and on the 
same page 11 I strike out all the words from the word “ where- 
by,” in line 24, down to and including the words “confusion 
and,” in line 26; and on the same page 11 I strike out the 
whole of the paragraph beginning with the words “the inven- 
tion,” in line 28, and ending with word “ directions,” in line 31; 
and I insert after the word “transmission,” in line 32, of the 
same page 11, the words “in the manner hereinafter described 
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and claimed ;” and on the same page 11 I strike out all the 
_ words from the words and two” in lines 34 and 36 to the word 
e directions,” in line 36, inclusive; and I insert after the word 
„transmission in the,” line 37, of the same page 11 the words 
“in the manner hereinafter described and claimed; and after 
the word “ battery,” in line 38, of the same page 11, I insert the 
words “ being used in the main circuit or used,” otherwise than 
in the manner hereinafter described and claimed ;” and on the 
same page 11 I strike out all the words from the words “and 
two,” in line 40, to the word “ line,” in line 47, inclusive; and 
after the words “ first plan,” in line 48, of the same page 11, I 
insert the words to which no claim is made otherwise than in 
the claiming clauses hereunto annexed ;” and in line 19, of page 
13, I strike out the words as devised “by my communicator,” 
and in lieu thereof I insert the words “following, to which no 
claim is made otherwise than in the claiming clauses hereunto 
annexed ;” and after the words “third plan,” in line 33, 
of the same page 13 I insert the words “to which no 
claim is made otherwise than in the claiming clauses 
hereunto annexed ;” and after the words “fourth plan, 
in line 19, of page 17, I insert the following words: 
“which is not claimed further than is indicated by 
the claims made in the claiming clauses hereunto annexed 
“and it is to be noted that no claim is made to the use of 
“ telephonic apparatus wherein a membrane like gold beaters 
“skin is used in combination with an electro-magnet excited 
“by a battery which is arranged in the main circuit or line 
“wire, inasmuch that sucha membrane was mentioned in 
“descriptions published in England prior to December 9th, 
“1876, and as such a membrane is of small utility owing to 
“its uncertainty of action caused by changes due to wear, or 
“moisture, or atmospheric influences; and in line 25 of the 
said page 17 I strike out the word “fourth ;” and in line 55 of 
the same page 17 I strike out the words may be used,” and 
insert in place thereof the words “such as is shown at A? in 
Figure 31 of the drawings hereunto annexed may with greatly 
increased advantage be used as an armature ;” and in line 7 of 
page 18I strike out the word “material” and insert in place 
thereof the words equivalent plate; and I strike out of the 
said page 18 the paragraph beginning with the words “If 
two,” in line 23, and ending with the word “sound” in line 30, 
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55 and I insert after the word and figure “and 26” in line 40 of 
the same page 18 the words “ which is not claimed further than 
is indicated by the claims made in the claiming clauses here- 
unto annexed;” and after the word “invention ” in line 47 of 
the same page 18 I insert the words “to which no claim is 
made otherwise than in the “claiming clauses hereunto an- 
nexed ;” and I strike out the claiming clauses “ First,” Second, 
and Third on page 20, beginning with the word “first” 
in line 28 of the same page 20 and ending with the words 
get forth in line 37; and I strike out the word “Fourth” in 
line 38 of the same page 20 and insert in place thereof the 
word First; and after the words set forth in the same line 
38 I insert the words and described respectively in the fourth 
and fifth plans above referred to, but subject always to the 
disclaiming notes;” and after the word “magnet” in the same 
line 38 I insert a parenthesis, and after the word “ action” in 
line 39 I insert another parenthesis, so that the words in lines 
38 and 39 of page 20 “or other body capable of inductive 
action shall be within parenthesis ; and I strike out the claim- 
ing clauses “ Fifth” and “Sixth” on the said page 20, begin- 
ning with the word “ Fifth” in line 46 of the same page, and 
ending with the words set forth in line 52; and I strike out 
the word “seventh” in line 53 of the same page 20 and insert 
in place thereof the word “second ;” and after the word cur- 
rent” in line 53 of the same page I insert the words “ generated 
as described in the fourth and fifth plans, but subject al- 
ways to the disclaiming notes ;” and in line 56 of the same page 
20 I strike out the word “eighth,” and insert in place thereef 
the word “ third,” and after the word “ current” in line 57 of 
the same page 20 I insert the words“ generated as described in 
the fourth and fifth plans, but subject always to the disclaim- 
ing notes ;” and I strike out the word “ ninth” in line 3 of page 
21, and insert in place thereof the word “ fourth,” and after the 
word “ telephones” in line 3 of the same page 21 I insert the 
word when; and after the word described in the said line 3 
of the same page 21 I insert the words “ in the fourth and fifth 
plans, but subject always to the disclaiming notes; and I strike 
out the word “tenth” in line 10 of the same page 21, and in- 
sert in place thereof the word “ fifth ;” and after the word 
“ instruments” in line 11 of the same page 21 I insert the words 
“such as are described in the fourth and fifth plans, but sub- 


ject always to the disclaiming notes ;” and in line 15 of thesame 
page I strike out the word “ instrument,” and insert in place 
thereof the words instruments such as are above mentioned; 
and I strike out the word “ eleventh” in line 18 of the same 
page 21, andinsert in place thereof the word “ sixth” and in the 
same line I strike out after the word combination the words 
“ with an electro-magnet of,” and insert in place thereof the words 
e in the manner described in the fourth and fifth plans, but sub- 
ject always to the disclaiming notes of an electro-magnet with; 
and I strike out the claiming clause beginning with the word 
“ twelfth in line 21 of the same page 21, and ending with the 
word possible in line 24 of the same page 21, and I strike 
out the word thirteenth ” in line 25 of the same page and in- 
sert in place thereof the word seventh ;” and after the word 
e described in line 27 I insert the words in the fourth and 
fifth plans but subject always to the disclaiming notes;” and 
I strike out the fourteenth and fifteenth claiming clauses on the 
same page 21, beginning with the word “ fourteenth” in line 28 
of the same page 21, and ending with the words “ set forth in 
line 32 of the same page 21, and in line 33 of the same page I 
strike out the word “sixteenth ;” and insert in place thereof 
the word eighth; and after the word described in line 35 of 
the same page I insert the words “in the fourth and fifth 
plans,” but subject always to “ the disclaiming notes,” and I 
strike out the claiming clauses “ seventeenth ” and “ eighteenth ” 
on the said page 21, beginning with the word “seventeenth ” in 
line 36 of the same page, and ending with the word “ described” 
in line 48. And the said specification when so disclaimed, 
altered and amended (omitting formal parts and as printed by 
the Queen’s printers) will read as follows : 

“Specification in pursuance of the conditions of the letters 
patent filed by the said William Morgan-Brown in the Great 
Seal Patent Office, on the 9th June, 1877. 

William Morgan-Brown, of the firm of Brandon & Morgan- 
“ Brown, Engineers and Patent Agents, of 38, Southampton 
Buildings, London, and 1 Rue Laffite, Paris: Improvement 
“in Electric Telephony (transmitting or causing sounds for 
“ telegraphing messages) and Telephonic Apparatus. A com- 
e munication from abroad by Alexander Graham Bell, of the 
University of Boston, Massachussetts, United States of 
America, Professor of Vocal Physiology, 
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“This invention of improvements in electric telephony 
“ (transmitting or causing sounds for telegraphing messages) 
and telephonic apparatus relates to electric telephony and 
“telephonic apparatus, as hereinafter described, and claimed 
“in the claiming clauses hereunto annexed. 

“This present invention relates to the reproduction by the 
necessary receiving instruments of any particular sounds or 
“ combinations of sounds through the agency of an electric cur- 
“rent, whereby articulate speech may be electrically trans- 
“ mitted. 

“ The invention also relates to the electrical production or 
transmission, in the manner hereinafter described and claimed, 
“of sounds of every kind by means of undulatory currents of 
“electricity, whereby not only musical sounds but articulate 
“‘ speech can be transmitted over a telegraph line. 

“The invention also relates to the electrical production or 
t transmission, in the manner hereinafter described and claimed, 
“of sounds of every kind without a battery being used in the 
“ main circuit, or used otherwise than in the manner hereinafter 
“described and claimed by means of undulatory currents of 

“ electricity, whereby not only musical notes but articulate 
* ape con — ce engageaan 

First plan, to which no claim is made otherwise than in the 
4 claiming clauses hereunto annexed. 

The first method of an apparatus for transmitting two or 
more telegraphic messages or signals simultaneously along a 
“‘ single wire by the employment of transmitting instruments, 
* each of which occasions a succession of electrical impulses 
“ differing in rate from the others, and of receiving instru- 
ments, each tuned to a pitch at which it will be put in vibra- 
tion to produce its fundamental note by one only of the 
“ transmitting instruments, as devised by my communicator, is 
illustrated in figures 1 and 2 of sheet 1, and in figures 3, 4, 
“ and 5 of sheet 2. 

“The transmitting instrument T (figure 1) consists of an 
“ electro-magnet e, having a steel spring armature a, which is 
kept in continuous vibration by the action of a local battery 
43. The armature a in the course of its vibration brings the 
platinum rivet r alternately into contact with two platinum 
points, / and m, one, I, being placed in a local circuit 3, s°, 
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“2 7, 42, 3, and the other m, communicating with the line wire 
“ W through the screw cap 31. | | 

“The receiving instrument R, shown in plan in figure 1, 
“ and in elevation in figure 2, consists of an electro magnet E 
having a coil upon only one of its legs. A steel spring arma- 
“ ture A is firmly clamped by one extremity to the uncovered 
leg of the electro-magnet E, and its free end is allowed to 
“ project above the pole of the covered leg. Upon depressing 
“ the key K (figure 1) a communication is established between 
“ the main battery B and the vibrating armature à of the trans- 
“ mitter T. When the rivet » touches the point m the main cir- 
“ cuit is completed. The currents of 2 pass to the ground at 
“ G, and the currents of c pass through K, s, r, m, 21 to the line 
“ wire W, and thence through the electro-magnet E of the re- 
“ ceiver R to the ground at Gl. When the rivet r leaves the 
“ point m the main circuit is broken. So long then as the key 
K is depressed the vibration of a occasions an intermittent 
“ action of the current from the battery B upon the line wire 
W and the armature A of the receiver R is attracted in an 
“ intermittent manner by its electro-magnet E. 

“When the makes and breaks of the circuit at m, r are 
“ timed to the normal movements of the armature A of the re- 
“ ceiving instrument, that is, when A is tuned to yield the same 
„musical pitch as the armature à of the transmitting instru- 
“ ment, then the armature A is thrown into strong vibration, 
“ thereby causing it to emit its musical note. 

When the key K is raised the communication between the 
main battery B and the transmitter T is cut off and A be- 
“ comes silent. So long asthe key K is depressed a musical 
“ note is emitted by A, and the duration of this note can be 
“ made to signify the dot or dash of the Morse alphabet; thus 
“ a telegraphic dispatch can be sent from T to R by manipu- 
“ lating the key K in the usual manner. 

Figures 3, 4 and 5, sheet 2, illustrate the combination of 
these instruments upon a telegraphic circuit so as to permit 
“ the similtaneous transmission of a number of telegraph mes- 
“ sages along a single wire. 

The armature of the transmitters and receivers that are 
numbered alike at all the stations have the same pitch; thus 
“the transmitter T of the figure 3 is the unison of the 
“transmitter T“ at the station represented in figure 4, and 


DISCLAIMER, ETC., OF WILLIAM MORGAN-BROWN. 585 


“ also of the receiver R“ at the stations shown in figures 3, 4 
“ and 5. 

*The sounds produced by the transmitters T, TI, IT“, &., 
“ differ in pitch from one another, and are so arranged that each 
“ transmitter can effect one and one only of the receiving in- 
“ struments R, RI, R, &., at each station upon the line. 

To illustrate the operation of this form of the invention, 
“ depress any key, say key K', figure 3, a communication being 
“ thereby established between the main battery 3 and the trans- 
“ mitting instrument TI, an intermittent current passes on to 
“ the main line through the receiving instruments R, R', R“, 
“ &c., of figures 3, 4 and 5, to the earth at G, tigure 5. The re- 
“ ceiving instruments Ri, figures 3, 4 and 5 respond, so long as 
“ the key KI, figure 3, is depressed, and become silent the mo- 
% ment it is raised. The other instruments R, Bs, &c., at sta- 
“ tions, figures 3, 4 and 5, remain silent, so that a telegraphical 
% message transmitted by the manipulation of key KI, figure 3, is 
“ received upon only its corresponding receiving instrument at 
“each station toward that station, herein shown as figure 5, 
‘“‘ where the receiving instruments are connected directly with 
„the earth. 

The instruments shown in figure 4 operate as just described 
“for those of figure 3, the depression of each key K, KI, or 
K, &c., operating those receiving instruments in stations 4 
“ and 5, that are in unison with the transmitting instrument 
“ connected with the key, but does not affect the instruments in 
“ figure 3, or in that direction. 

“To illustrate the simultaneous transmission of telegraphic 
messages by these instruments, an operator in the station, 
“ shown in figure 3, is supposed to manipulate the key K, while 
at the same time another operator in station, figure 4, is trans- 
“ mitting an entirely different despatch by the manipulation of 
“the key Ki. The signals produced by the depression of key 
K, figure 3, are received by the receivers R of figures 3, 4 and 
45, and the signals due to the manipulation of the key KI, 
“ figure 4, affect the receiving instrument Ri of figures 4 and 5, 
“ but not Ri of figure 3, or of any station in the direction of 
“ figure 3; hence, although upon this plan two or more mes- 
“ sages may be sent simultaneously over the same circuit from 
‘“‘ the same or different stations to the same or different stations, 
“ still as the signals pass only in one direction, two line wires 
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45 “are required to complete communication in both directions. 
** Intermittent currents adapted to work these instruments may 
be produced without actually making and breaking the cir- 
* cuit, as hereinbefore described, by suddenly increasing and 

* diminishing the intensity of the current. Such currents are 

“ termed for the sake of distinction pulsatory.’ Intermittent 
% and pulsatory currents may be of two kinds, accordingly as 
te the electric impulses have all the same polarity, or are alter- 
“nately positive and negative. In the former case they are 
“ termed direct, in the latter, ‘reversed currents. These dis- 
“ tinctions are graphically illustrated in figures 6 and 7. 

Second plan, to which no claim is made otherwise than in 

e claiming clauses hereunto annexed. 

In order to secure communication in both directions upon 
“a single circuit, this second plan was devised, and it is illus- 
“ trated in figures 8,9 and 10. In these figures the instru- 
ments employed are similar to those shown in figures 1, 2, 3, 
4 and 5, and like instruments are denoted by like letters; but 
“ instead of connecting the transmitting instruments T, TI, T ?, 
“ &c., directly with the receiving instruments R, RI, RS, &c., 
“ as in figures 3, 4, &c., they are connected with the primary 
“ wires of an induction coil I, of usual construction, and the 
currents induced in the secondary wires of the coil are direct- 
“ed to the receiving instruments R, RI, R?, &c., on the line 
“wire. By this arrangement the receiving instruments at the 
terminal stations, figures 8 and 10, are connected directly with 
“ the earth at G, and the signals made at any one station ap- 
“ pear at 11, the stations on the circuit. On this plan, there- 
fore, two or more messages may be sent simultaneously over 
“a signal circuit in the same or in an opposite directions. 

“Third plan, to which no claim is made otherwise than in 

e the claiming clauses hereunto annexed. 
In the methods heretofore described, employing intermit- 
“ tent currents of electricity, the limit to the number of signals 
te that can be sent simultaneously over the same wire is very 
“ speedily reached, for when a number of transmitting instru- 
“ ments having different rates of vibration are simultaneously 
* making and breaking the same circuit, the effect upon the 
% main line is practically equivalent to one continuous current. 
In addition to this objection local and main batteries are re- 
„ quired at every station on the line. Similar difficulties are 
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“ experienced in employing pulsatory currents. To obviate 
“ these difficulties the plan of using an undulatory current of 
“ electricity, as described in this part of the invention, was de- 
66 vised. ; a 
It has long been known that when a permanent magnet is 
% caused to approach the pole of an electro-magnet a current 
“ of electricity is induced in the coils of the latter, and that 
“ when it is made to recede a current of opposite polarity to 
“the first appears upon the wire. When, therefore, a perma- 
nent magnet is caused to vibrate in front of the pole of an 
“ electro-magnet an undulatory current of electricity is induced 
“ in the coils of the electro-magnet, the undulations of which 
“ correspond in rapidity of succession to the vibrations of the 
magnet in polarity to the direction of its motion, and in in- 
e tensity to the amplitude of its vibration, or rather to the 
velocity of its motion. A current of this character is graphi- 
“ cally represented in line 3, figure 7, sheet 1. When the per- 
“ manent magnet is caused to vibrate in front of the pole of an 
“ electro-magnet, which is placed in circuit with a voltaic bat- 
“ tery, the undulatory current induced by the vibration of the 
“ permanent magnet is superposed upon the voltaic current. 
When the induced impulse is of similar polarity to the voltaic 
“ currents it serves to strengthen the intensity of the latter, but 
“ when it is of opposite polarity it tends to neutralize the vol- 
“ taic current. In such an arrangement the resultant effect of 
“ the vibration of the permanent magnet is to throw the bat- 
-. “tery currents into waves, as in line 3, figure 6, by alternately 
“ increasing and diminishing the intensity of the current. Such 
* increase and diminution in the intensito of the current does 
“ not take place with the suddenness characteristic of a pulsa- 
“ tory current (see line 2, figure 6), but is proportional to the 
“ increase and diminution of the density of the air during the 
“ vibration of the inducing hody; the various kinds of electrical 
“ currents denominated intermittent, pulsatory and undulatory 
“are graphically represented in figures 6 and 7. In figure 6 
“ the currents are direct, that is, the electrical impulses 55, 5?, 
“6%, &c., are all of the same polarity, either positive or nega- 
“ tive, and in figure 7 the currents are reserved, that is, the 
“ electrical impulses are alternately positive and negative. 
“‘ Direct intermittent current (shown in line 1, figure 6). The 
“ impulses 35, 32, &., are all of positive or all of negative elec- 
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“ tricity, and the vertical thickness of the lines 5°, 32, &., 
“ measured from the zero line 21, 21, represents the intensity 
of the current of the part observed. The horizontal exten- 
“sion of the line 3 indicates the duration of the electrical 
“ impulse, and the horizontal extension of the space /* shows 
“ the length of time the current is absent from the circuit. 

*Reversed intermittent current (shown in line 1, figure 7). 
Impulses of positive electricity are represented above, and 
“ impulses of negative electricity below, the zero line 21, 31, and 
“ the impulses 5, ds, are respectively positive and negative, or 
vice versed. 

“Direct pulsatory current (shown in line 2, figure 6). The 
“ current of electricity represented is continuous, but it changes 
‘suddenly in intensity, the elevations 5*, ds, &c., indicating 
e the impulses of maximum intensity, and the depressions cs, cs, 
the impulses of minimum intensity. As before, the vertical 
“ thickness of the line indicates the strength of the current. 

4 Reversed pulsatory current (shown in line 2, figure 7). The 
“ impulses 5?, ds, are alternately positive and negative without 
any break in the continuity of the current. 

“Direct undulatory current (shown in line 3, figure 6). As 
“before, the vertical thickness of the line represents the 
te strength of the current, the elevations 5?, 53, &c., express the 
e impulses of maximum intensity, and c*, cs, &c., those of mini- 
% mum intensity. The changes of intensity, as illustrated in 
line 3, do not occur with the suddenness characteristic of 
“ pulsatory currents, as shown in line 2, but are proportional to 
te the changes in the density of the air during the production 
“ of a sound. 

‘“‘ Reversed undulatory current (shown in line 3, figure 7). 
“The elevation 5*, 6%, &c., indicate impulses of positive and 
“the depressions d, d“, impulses of negative electricity, the 
“ vertical thickness of the portions 5*,d*, indicating the 
“ intensity of the positive or negative impulse at the part ob- 
“served. The oscillations of the current above and below the 
gero line correspond to the increase and diminution of the 
“ density of the air during the production of a sound, hence the 
* elevations 5%, 63, &c., correspond to condensation of air, and 
“ the depressions d, da, &c., to rarefactions, the intensity of the 

“ positive or negative impulses being proportioned to the 
degree of density or rarity of the air. | 
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“The differences between intermittent pulsatory and undula- 
“ tory currents will be more clearly understood by describing 
“ and illustrating the condition of the electrical current when 
“ the attempt is made to transmit two musical notes simultane- 
“ ously, first upon one plan, and then upon the others. Let the 
interval between the two sounds be a major third, then their 
‘“‘ rates of vibration are in the ratio of 4 to 5. Now, when an 
intermittent current is used, the circuit is made and broken 
four times by the armature a, figure 11, sheet 1, of one trans- 
“ mitting instrument in the same time that five makes and 
breaks are caused by the armature a1 of the other transmit- 
“ting instrument; A* and 37, figure 11, represent the inter- 
“ mittent currents produced, four impulses of B* being made in 
“the same time as five impulses of A“, 5*, 5, &., figure 11, 
“show where and for how long time the circuit is made, and 
, N, &c., indicate the duration of the breaks of the circuit. 
“ The line A?+-B?, shows the total effect upon the current whe1 
“the armatures a, al, figure 11, are caused simultaneously to 
“ make and break the same circuit, and the combined effect 
“upon the current passing through the receiver R, shown at 
44A ＋ B, figure 11, is very nearly equivalent to a continuous 
“ current. 

When many transmitting instruments, of different rates of 
“ vibration, are simultaneously making and breaking the same 
“ circuit, the current upon the main line becomes, for all prac- 
“ tical purposes, continuous. 

When the armature, a, ali, are arranged upon circuit, as 
“shown in figure 12, pulsatory currents traverse the coils of 
“ the receiving instrument, R. The line A? represents the pul- 
“ satory current due to the action of one armature a, and the 
“ line Bs the action due to the other armature a'!; 5? 32, &c., 
represent impulses of maximum intensity, and c*, es, &., im- 
“ pulses of minimum intensity. Four impulses of B* are made 
“ in the same time as five impulses of A“, and the line A*+B* 
represents the total effect upon the current passing through 
“th oils of the receiver R when the armature a and a1 are 
“cum to vibrate simultaneously. This effect is nearly equiv- 
* alent to a continuous current of minimum intensity. 

„Next consider the effect when undulatory currents are em- 
“ployed. Electrical undulations, induced by the vibration of 
* body M, figure 15, capable of inductive action, can be rep- 
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“ resented graphically by the same sinusoidal curve which ex- 
* presses the vibration of the inducing body itself, for, as above 
te stated, the rate of oscillation in the electrical current is the 
“same as that in the inducing body. The intensity f each 
induced impulse is proportional to the velocity of the motion 
“ of the inducing body, and the polarity of each induced im- 
“ pulse depends upon the direction of the motion of the in- 
“ ducing body to or from the pole of its electro-magnet. The 
“ sinusoidal curves A? and B., figure 13, represent graphically 
“the electrical undulations induced in a circuit by the vibra- 
tion of permanent magnets M and Mi, or other bodies capa- 
“ ble of inductive action. 

“The portions 5?, 32, &c., represent impulses of positive 
“ electricity, and d?, d?, &c., impulses of negative electricity. 
“ The horizontal line 21, z!, represents the zero of current, and 
“the vertical distance of any portion of the curve 5* or d* 
from the zero line expresses the intensity of the positive or 
“ negative impulse at the part observed. 

“The vibrations represented by the sinusoidal curves B* and 
A?, figure 13, are in the ratio aforesaid of four to five, that is, 
“ four oscillations of B* are made in the same time as five oscil- 
“ lationsof A?. The combined effect of A? and B*, when induced 
e simultaneously on the same circuit, is expressed by the curve 
“ A34B3, figure 13, which is the algebraical sum of the sinu- 
“ soidal curves A? and B., in figure 14; the permanent mag- 
“ nets M and Mi are caused to vibrate in front of the poles of 
e electro-magnets e, ei placed in circuit with the battery B; 
“ by such an arrangement the battery current is thrown into 
“ waves. The lines A? and B represent the undulatory cur- 
“rents produced respectively by the vibrations of M and 
Mi, and, as in the other instances, four impulses of B* are 
“ made in the same time as five impulses of A“; the elevations 
“6? 5% Ko., indicate impulses of maximum intensity, and the 
“ depressions c cs, &c., impulses of minimum intensity; the 
vertical distance or any portion of the curve 5? cs from the 
zero line 21 21 expresses the intensity of the current at part 
observed; the line A?+B? expresses the resultant effect upon : 
e the current when the permanent magnets M Mi are caused 
“ simultaneously to vibrate ; the curves Ar Be, figures 13 and 
“14 also indicate the actual motion of the air when the two 
“magnets M Mi are vibrated simultaneously. Thus, when 
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“ electrical undulations of different rates are simultaneously 
produced upon the same circuit, the effect is exactly analo- 
“ gous to that occasioned in the air by the vibration of the in- 
“ ducing bodies. Hence the coexistence upon a telegraphie cir- 
“ cuit of electrical undulations, corresponding to sounds of dif- 
“ ferent pitch, is manifested, not by the obliteration of the 
‘ vibratory character of the current, as with intermittent and 
“ pulsatory currents, but by peculiarities in the shapes of the 
“ electrical undulations, or in other words by peculiarities 
“in the shapes of the curves which represent those undula- 
“ tions. 

“There are many ways of producing undulatory currents of 
“ electricity dependent for effect upon the vibration or motion 
“ of bodies capable of inductive action. A few of the methods 
“ that may be employed are as follows: When a wire through 
“ which a continuous current of electricity is passing is caused 
to vibrate in the neighborhood of another wire, an undulatory 
current of electricity is induced in the latter. When a cylin- 
inder upon which are arranged bar magnets is made to rotate 
“in front of the pole of an electro-magnet, an undulatory cur- 
“ rent of electricity is induced in the coils of the electro-mag- 
“ net. 

“Undulations are caused in a voltaic current by the vibra- 
tion or motion of bodies capable of inductive action, or by the 
“vibration of the conducting wire itself in the neighborhood of 
“ such bodies. Electrical ‘undulations may also be caused by 
“ alternately increasing and diminishing the resistance of the 
“ circuit, or by alternately increasing and diminishing the 
power of the battery. The internal resistance of a battery is 
“‘ diminished by bringing the voltaic elements nearer together, 
“ and increased by placing them farther apart; the reciprocal 
“vibration of the elements of a battery therefore occasions an 
“ undulatory action in the voltaic current. 

The external resistance may also be varied; for instance, 
“ let water, or some other liquid of high resistance, form part 
“ of a voltaic circuit; then the more deeply the conducting 
e wire is immersed in the water or other liquid the less resist- 
„ ance does the liquid offer to the passage of the current; hence 
“ the vibration of the conducting wire in water or other liquid 
“ included in the circuit occasions undulations in the current. 
“ The vertical vibration of the elements of a battery in the 


“ liquid in which they are immersed produces an undulatory 

e action in the current by alternately increasing and diminish- 
e ing the power of the battery. 

“ In illustration of one method of creating electrical undu- 

10 “lations a form of apparatus is shown in Fig. 15. It is prefer- 

e able to employ for this purpose an electro-magnet E, Fig. 15, 

“ having a coil upon only one of its legs. A steel spring arma- 

“‘ture A is firmly clamped by one extremity to the uncovered 

“leg A of the magnet, and its free end is allowed to project 

% above the pole of the covered leg. The armature A can be 

15 „set in vibration in a variety of ways, one of which is by wind, 

“and in vibrating it produces a musical note of a certain 


ee definite pitch. | 
When the electro-magnet E is placed in a voltaic circuit | 5 

B, E, W, Ei, B, the armature A becomes magnetic, and the 8 

“ polarity of its free end is opposed to that. of the magnet un- e 


% derneath. So long as the armature A remains at rest no 
effect is produced upon the voltaic current, but the moment it 
20 “is set in vibration to produce its musical note a powerful 
“ inductive action takes place and electrical undulations traverse 
“the circuit above described. The undulatory current pass- 
“ing through the coil of the electro-magnet E! causes 
c vibration in its armature Al when the armatures of the two 
‘magnets are normally in unison with one another, but the 
“ armature A! is unaffected by the passage of the undulatory 

25 current when the pitches of the two armatures are different. 
“The instruments shown in Fig. 15 are like in plan to the 
“ receiving instruments R, Ri, &c., of figures 1, 2, 3, 4, 5, 8, 
«9,10. A number of instruments may be placed upon a tele- 
“graphic circuit, as in figures 16, 17,18. When the armature 
“ of any one of the instruments is set in vibration, all the other 
30 “ instruments upon the circuit which are unison with it respond, 
“ but those which have normally a different rate of vibration 
“remain silent. Thus if R, Fig. 16, is set in vibration, the 
“ armature of the receiver R, Figs. 17, 18, vibrate also, but all 
e the others on the circuit remain still. So if RI, Fig. 17, is 
“ caused to emit its musical note, the instruments Ri, shown in 
“ Figs. 16 and 18, respond. They continue sounding so long 
35 as the mechanical vibration of RI, Fig. 17, is continued, but 
“ become silent with the cessation of its motion. The duration 
cf the sound may be used to indicate the dot or dash of the 
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Morse alphabet, and thus a telegraphic despatch may be in- 
% dicated by alternately interrupting and renewing the sound. 

“ When two or more instruments of different pitch are simul- 
“taneously caused to vibrate, all the instruments of corre- 
. “ sponding pitches upon the circuit are set in vibration, each 
responding to only that instrument used as a transmitter with 
“ which it is in unison. Thus the signals of R, Fig. 16, are re- 
“ peated by R, of Figs. 17 and 18, but by no other instrument 
“ upon the circuit. The signals of R', Fig. 18, by R', Figs. 16 
“ and 17, and the signals of R, Fig. 17, by R*, Figs. 16 and 18, 
% whether R, Fig. 16 RI, Fig, 18, and R*, Fig. 17, are succes- 
“ sively or simultaneously caused to vibrate. Hence by these 
e instruments two or more telegraphic signals or messages may 
“ be sent simultaneously over the same circuit without inter- 
“ fering with one another, a single battery B being used for the 
“ whole ciruit. These instruments may be used for the simul- 
“ taneous transmission of musical notes differing in loudness as 
“ well as in pitch. 

“When the armature A, figure 15, is set in vibration the ar- 
mature A! responds not only in pitch but in loudness. Thus 
“ when A vibrates with little amplitude, a very soft musical 
note proceeds from A', and when A vibrates forcibly, the 
e amplitude of the vibration of A! is considerably increased, and 
e the resulting sound becomes louder. So if R and Ri, figure 
“ 16, are sounded simultaneously (R loudly and RI softly) the 
“instruments R, figures 17 and 18, repeat loudly the signals 
“ of R, figure 16, and Ri, figures 17 and 18, repeat softly those 
“ of Ri, figure 16.” ° 
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“ Which is not claimed further than is indicated by the 
“ claims made in the claiming clauses hereunto annexed, and it 
“is to be noted that no claim is made to the use of telephonic 
„apparatus, wherein a membrane like gold beaters’ skin is used 
“in combination with an electro-magnet excited by a battery 
‘“‘ which is arranged in the main circuit or line wire, inasmuch 
eas such a membrane was mentioned in descriptions published 
“in England prior to December 9, 1876, and as such a mem- 
“ brane is of small utility owing to its uncertainty of action 
“ caused by changes due to wear or moisture, or atmospheric 
e influences. 


15 
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“In the plans so far described a separate instrument is em- 
i ployed for every pitch, and the electric vibrations for different 
“ pitches are combined upon the wire, each armature being 
“ capable of transmitting or receiving but a single note, and 
thus as many separate instruments are required as there are 
“ messages or musical notes to transmit. 

In this part of the invention a single instrument is em- 
“ ployed, the armature of which can be set in vibration by a 
“musical instrument, or by the tones of the human voice or by 
“ any sound whatever. 

“ This fourth plan is represented in figures 21, 22 and 23, 
“ wherein is shown a single telephone at each station in place 
“ of the transmitting and receiving instruments heretofore de- 
“ scribed, the telephones being illustrated separately in figures 19 
“ and 20. 

“One of the ways in which the armature A, figure 15, may 
“ be set in vibration has been stated to be by wind. Another 
“ mode is shown in figure 19, whereby motion can be imparted 
“ to the armature by the human voice, or by means of a musical 
instrument or by sounds of any kind. 

“ The armature A, figure 19, is fastened loosely by one ex- 
“ tremity to the uncovered leg & of the electro-magnet, E, and 
“ its other extremity is attached to the centre of a stretched 
membrane u. A cone Cs, is used to converge sound vibra- 
tions upon the membrane. When a musical note is made in 
e the neighborhood of the membrane n it is set in vibration, the 
tt armature A is forced to partake of the motion, and thus elec- 
“ trical undulations are created upon the circuit G, B, E. W, 
„EI, Gi. The armature Al is thus thrown into synchronous 
e vibration with the armature A, emitting a musical note of 
“ similar pitch to that which originated the vibration of arma- 
“ture A. If two or more musical notes be simultaneously 
“ sounded in the neighborhood of the cone Cs, the resultant 
motion of the air is copied by the membrane n to which the 
„ armature A is attached and this armature A, acting induct- 
“ ively upon the current traversing the coils of the electric mag- 
net E, occasions an increase and diminution in its intensity, 
“ and the armature Al is thrown into vibration by the varying 
“ attraction of the electro-magnet Ei to which it is attached, 
and thus imparts to the air at n' a fac-simile copy of the mo- 
c tion of the air that acted upon the membrane u; hence two 
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“ or more musical notes or telegraphic messages can be sent 
“simultaneously along a single circuit from one station to 
another by means of one instrument at each station. 

“Instead of the cone membrane and armature shown in fig- 
ure 19, a plate of thin steel, such as is shown at A“, in figure 
“ 31 of the drawings hereunto annexed, may with greatly in- 
“ creased advantage be used as an armature ; the vibrations of 
“ the plate in front of the magnet occasioned by the motion of 
“ the air during the production of a sound changes the inten- 
“‘ sity of the current as hereinbefore described, and occasions a 
“ similar motion in a similar steel plate in front of another elec- 
“ tro-magnet at another station in the circuit. Such a plate is 
“shown in figure 20 and marked A“, it being attached toa 
frame F. The telephones shown in figures 21 to 26 are of 
“ the kind shown in figure 20. This invention is not limited 
% however, to the use of a steel plate, but includes within its 
* scope any equivalent plate capable of inductive action upon a 
“ current of electricity. In this plan an operator at station, 
“ figure 21, may send a telegraphic message on a certain pitch 
“ while another operator at another station, say figure 22, is 
“transmitting another message on a different pitch, and both 
“ sounds will be audible at all the stations in the circuit. 

“ The receiving operator will pay attention to signals of only 
“ one pitch ; hence, by this plan the simultaneous transmission 
“ of a number of telegraphic messages over a single circuit, and 
“in the same or both directions, with a single main battery for 
“ the whole circuit, and a single telephonic instrument at each 
* station is rendered possible. Whatever sound is made in the 
“ neighborhood of any telephone, say, T, e, figure 21, is echoed 
ein facsimile by the telephones T, e, of all the other stations; 
hence, this fourth plan is also adapted for the entirely new 
“use of transmitting intelligibly the exact sounds of articulate 


„ speech. 


“To convey an articulate message, it is only necessary for 
“ the operator to speak in the neighborhood of a telephone, say 
T, e, figure 21, and for the receiving operator at another in- 
“ strument, say, T, e, figure 23, to listen. 

“All the methods of producing undulatory currents of elec- 
“ tricity hereinbefore described may be employed in producing 
“the undulations by which to transmit articulate messages. 
“ For instance, the vibrations of a membrane may cause a pla- 
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“ tinum wire to vibrate in water or other liquid of high resist- 
* ance included in the circuit, and hence will occasion changes 
“ in the intensity of the current, traversing the circuit propor- 
tional to the changes in the density of the air, which originally 
gave rise to the vibrations of the membrane, and hence the 
“ sounds uttered in the neighborhood of that membrane will be 
reproduced from a telephone on a distant part of the circuit. 

“In the fifth plan of the invention, illustrated in figures 
24, 25, and 26, which is not claimed further than is indicated 
by the claims made in the claiming clauses hereunto annexed, 
“the battery is omitted and a permanent magnet M“ is sub- 
e stituted for the soft iron core of the electro-magnets used in 
“ the other telephones, or the coils shown in figures 24, 25 and 
426, may be induction coils of usual construction, local bat- 
“ teries being placed in circuit with the primary wires, so as to 
“ magnetize the soft iron cores of the coils.. The undulations 
“ induced in the secondary wires by the vibration of the plates 
A“ being directed upon the line wire. 

“The sixth plan of the invention, to which noclaim is 
„made otherwise than in the claiming clauses hereunto an- 
e nexed, is represented in figures 27,28 and 29. Figure 27 
“ being a side view of the receiving instrument R, having a 
% magnet E and armature A, as before described, and provided 
“ also with a vibratory circuit breaker V. This circuit breaker 
“is designed for the purpose of enabling the armature A to 
“ open or close a local circuit through the medium of the cir- 
“cuit breaker V. This circuit breaker consists of a light metal- 
“lic lever, normally resting upon the point 5, preferably ad- 


“ justed, so as to close a local circuit. The extremity of the 


circuit breaker overhangs the free end of the armature A. 
“When the armature A is thrown into vibration by the action 
“ of magnet E, the circuit breaker is lifted from the point 5, 
and it does not return until the cessation of the vibration of 
e the armature A. 

In figure 28 an arrangement is shown whereby the lifting 
“ of the circuit breaker V opens a local circuit in which is 
“ placed a Morse sounder 6 or other electrical apparatus. 

In figure 29 the circuit breaker V normally short cir- 
“ cuits’ the battery B, cutting off the current from the Morse 
“ sounder 6 or other apparatus, so that the lifting of the cir- 
“cuit breaker V permits the current from the battery B to 
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“ actuate telegraphic instrument 6. The vibrating circuit 
“ breaker V may be changed in construction, it only being nec- 
“ essary that it have normally a slower rate of vibration than 
“ the armature A by which it is vibrated. 

“ Figure 30 represents an arrangement of transmitting in- 
“ struments T, TI, T2, &c., and receiving instruments R, R', &c., 
“and vibratory circuit breakers V, Vi, &., similar to those 
“‘ shown in figures 1, 2, 27, designed to produce automatically 
“ at the receiving end of the line a facsimile of whatever char- 
“ acters or marks are presented at the transmitting ends. In 
“ this plan the messages or matks to be copied may be written 
“ or printed in non-metallic ink on a metallic surface F, o, 
e shown in dotted lines (preferably tin foil), or impressed upon 
“the same. This metallic surface is placed upon a suitable 
“ metallic support S, preferably made as a roller, having its axis 
“ at 7 connected with the battery B and the earth G. At-the 
“ receiving end a similar support 81 is connected in circuit with 
e the battery Bi and the vibratory circuit breakers V, VI, V?,éc., 
“ and on this support is placed a piece or strip of chemically 
“ prepared paper P, a, shown in dotted lines. 

The metallic surface F, o, on which is written the message 
“ to be transmitted is moved between the support S and the 
ends of a series of wires 8, 9, 10, 11, 12, 13, &., such ends 
“ being held by a non-metallic holder or bar 14. The wires 8, 
“9, 10, &c., communicate with the armatures a of transmitters 
“T, TI, &c., similar to the transmitter T, shown in figure 1. 

At the receiving end of the circuit the ends of a similar ar- 
“ rangement of wires 15, 16, 17, 18, 19, and 20 are held in place 
“ by a non-metallic holder 21, so as to rest upon the chemically 
prepared paper P a. 

“The metallic surface, F 0, and the chemically prepared 
paper, P a, are each moved in the direction of the arrows 
under their respective series of wires, but not necessarily at 
“ equal speed, and the characters or marks on the foil are 
“ copied on the prepared paper. 

„When the end of any of the wires at the transmitting 
“ end, say wire 8, rests upon the metallic foil, a communication 
eis established between the battery B and the armature a of 
“ the transmitter T; the platinum rivet r, as before described, 
“ vibrates and makes and breaks contact with the point m, so 
e that an intermittent current of electricity appears upon the 
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line wire W. So long then as the wire 8 rests on the metallic 
surface F o, the currents of c pass through 7, 8, S F o, 8, r. 
n, to the line wire W, and thence by branches through the 
receiving instruments R, Ri, &c., to the earth at Gi. 

The armature of the receiving instrument R, which is in 
“ wnison with the armature a of the transmitter T, is thrown 
„ into vibration by the passage of the intermittent current but 
the armatures of the other transmitting instruments RI, R“, 
“ &c., having a different rate of vibration from the armature of 
T. do not respond. 

“The armature of the receiving instrument R in the course 
“ of its vibration lifts the spring lever V, breaking the circuit 
BI, 81, P a, 15, V, Bi. So long then as the end of the wire 
8 rests upon the metallic surface F o, the local circuit in 
“which the wire 15 is placed remains open, and thus no mark 
‘“‘ is made upon the paper P a, under wire 15. 

„When, during the movement of the metallic surface F o, a 
portion of the non-metallic ink comes under the end of the 
“ wire 8 the connection between the battery B and transmitter 
“ T is broken, the receiver R becomes silent, the spring lever V 
“returns to its normal position, closing the circuit above 
“ described, and a mark is made upon that part of the chemi- 
“ cally prepared paper P a, under wire 15. 

„Each wire 9, 10, &c., operates in a like manner to the wire 
„8, and the wires 16, 17, 18, &., operate as described for 
“ wire 15. 

% Any of the ordinary chemically prepared paper used in 
“ connection with ordinary systems of chemical or autograph 
“ telegraphs may be used. 

“ Referring again to the fifth plan, the magnet may be of the 
e horseshoe form as shown at 24, in Figure 31, and the coils of 
“ of the insulated wire 25 may surround soft iron cores or pole 
pieces 26 screwed or otherwise, fastened to the ends of the 
“ magnet 24. The cores or pole pieces are placed near the face 
“ of the metallic plate A“, it being attached to a cup-shaped 
“ block 28, having a central orifice, 29, for the reception of a 
speaking or hearing tube to convey sounds to or from the 
plate As. 

“ The magnet is attached to a stud, 30, adapted to be moved 
“ in suitable grooves in the base, 31, by means of a screw, 32, 
“ having its end connected with the stand, the body of the 
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“ screw being fitted to turn in a screw threaded stud. The 
“movements of the sciew are just the distance between the 
pole of the magnet and the plate A“, and permit the poles to 
“be placed almost in contact with the plate. The coils may be 
placed about the end of the magnet 24, and the soft iron pole 
** pieces be omitted. 

“ Figure 32 represents in perspective a telephone of the kind 
“ shown in Figure 31, when placed within a sounding box 33. 
“ The coils will, perferably, be very thin and be placed at the 
“ extremity or extremi ies of the magnet. One, two or more 
“ magnetic poles with coils may be placed near a plate to in- 
“ tensify the effect. 

The soft iron core and coil may be attached to the plate 
“ instead of the magnet, or the core may be placed upon the 
“plate and the coil on the magnet, or vice verea the magnet 
may be made to vibrate instead of the plate. 

“ Having now described and particularly set forth the na- 
“ ture of the said invention, and the manner of carrying the 
“same into effect, I would have it understood that what I 
“ claim is: 

“ First. The combination, substantially as set forth and de- 
“ scribed respectively in the fourth and fifth plans above re- 
“ ferred to, but subject always to the disclaiming notes of a perma- 
“ nent magnet (or other body capable of inductive action) with 
“a closed circuit, so that the vibration of the one shall occa- 
ç gion electrical undulations in the other or in itself; and this 
“ I claim whether the permanent magnet be set in vibration in 
“ the neighborhood of the conducting wire forming the circuit, 
“ or whether the conducting wire be set in vibration in the neigh- 
“ borhood of the permanent magnet, or whether the conducting 
“ wire and the permanent magnet, both simultaneously, be set 
“ in vibration in each other’s neighborhood. 

“SECOND. The method of transmitting vocal or other sounds 
“ electrically by causing the intensity of an electrical current 
“ generated as described in the fourth and fifth plans, but sub- 
“ ject always to the disclaiming notes to vary in a manner pro- 
portional to the variations of density produced in the air by 
“ the said sounds. 

Tump. The method of transmitting vocal or other sounds 
“ electrically by causing the intensity and polarity of an elec- 
“ trical current generated as described in the fourth and fifth 
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* piece forming the core for the coil, substantially as described 
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85 plans, but subject always to the disclaiming notes, to vary in 


“ manner proportional to the velocity and the direction of 
“ motion of the particular air during the production of the 
“ rounds. 

“ Fourts. The union upon and by means of an electric cir- 
“ cuit of two or more telephones when constructed for opera- 
“ tion, substantially as described in the fourth and fifth plans, 
“but subject always to the disclaiming notes, so that if the 
plate armature of any one of the said instruments be moved 
“in any manner the armatures of all the other telephones upon 
“the same circuit will be moved in a like manner; and if the 
“transmitter armature be moved or vibrated by sound, like 
“sounds will be produced by the motion or vibration of the 
“ armature of the other telephones upon the circuit. 

„ Firrn. In a system of electric telegraph or telephony, 
“ consisting of transmitting and receiving instruments such as 
“are described in the fourth and fifth plans, but subject al- 
“ always to the disclaiming notes, united upon an electric cir- 
“ cuit, I claim the production in the armature of each receiving 
“ instrument of any given motion by subjecting said armature 
“to an attraction varying in intensity, however such variation 
* may be produced in the magnet; and hence I claim the pro- 


4 © duction of any given sound or sounds from the armature of 


“the receiving instruments, such as are above mentioned, by 
“ subjecting said armature to an attraction varying in intensity 
“in such manner as to throw the armature into that form of 
vibration which characterizes the given sound or sounds. 

“‘Srxru. The combination in the manner described in the 
fourth and fifth plans, and subject always to the disclaiming 
notes, of an electric magnet with a plate of iron or steel or 
ther material capable of inductive action, which can be 
“ thrown into vibration by the movement of surrounding air, or 
“ by the attraction of a magnet. 

* SEVENTH. In an electric telephone the combination with 
“ the plate of a magnet having coils upon the end or ends of 
“ the magnet. nearest the plate, substantially as described in 
“ the fourth and fifth plans, but subject always to the disclaim- 
ing notes. 

* Harn. In an electric telephone the combination with 
n permanent magnet and plate armature of a soft iron pole 
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“in the fourth and fifth plans, but subject always to the dis- 
“ claiming notes. 

In witness whereof, I, the said William Morgan-Brown, 
have hereunto set my hand and seal, this twenty-fourth day 
“ of January, in the year of our Lord one thousand eight hun- 
“ dred and seventy-eight. 

“ Wiis Morcan-Brown. II. 8.]! 


To the Commissioners of Putents for Inventions : 

I hereby grant my fiat, giving leave to the above-named 
William Morgan-Brown to file in the Great Seal Patent Office 
with the specification to which the same relates, the above 
written disclaimer and memorandum of alteration. 

Jom Horx, 
Attorney-General. 
Tempe, 12th February 1878. 
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No. 77. Defendants’ Exhibit, Specification of David 
Edward Hughes, Telegraphic Apparatus, &. 


J. A. W., Sp. Exr. 
[Introduced in Case, p. 410.] 
A. D., 1863, 27th January. No. 241. 


TELEGRAPHIC APPARATUS. 


Letters Patent to David Edward Hughes, of the United Kingdom 
Electric Telegraph Company (Limited), Gresham House, Old 
Broad Street, in the City of London, Electrical Engineer for 
the Invention of “ Improvements in Means or Apparatus for 
Effecting Telegraphic Communications.” 


Sealed the 2ist July, 1863, and dated the 27th January, 1863. 


Provisional Specification left by the said David Edward Hughes at 
the Office of the Commissioners of Patents with his Petition 
on the 27th January, 1863. 


I, Dam Epwarp Hon, of the United Kingdom Elec- 
5 tric Telegraph Company (Limited), Gresham House, Old 
Broad Street, in the City of London, electrical engineer, do 
hereby declare the nature of the said invention for Improve- 
ments in Means or Apparatus for Effecting Telegraphic Commu- 
nications,” to be as follows: 
The improvements relate, first, to means for regulating or 
10 governing the motion of apparatus employed when recording 
telegraphic communication. Upon one of the main axes of 
such apparatus I apply a fly or balance wheel, and opposite 
the end of this axis, but held somewhat inclined to it, I apply 
an elastic and weighted rod, capable of vibrating in a rotary 
direction when acted upon by an arm or connection from the 
main axis referred to. The vibrations thus obtained regulate 
and render uniform the motions of the apparatus without the 
necessity of an escapement. The position of the weight on the 
vibrating rod is capable of being regulated to the speed desired. 
To prevent breakage of this vibrating rod by the extent of its 
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vibrations, a pad or friction surface is brought into operation 
upon a friction band or surface as the vibrations increase in 
order to use up the surplus force exerted. 

Secondly, the improvements relate to means for facilitating 
the ready change from one class or character of recorded sign 
or indication to another, as from letters to figures. For this 
purpose the periphery of the type wheel is arranged with the 
desired different signs thereon in alternate order, and this 
wheel is affixed to a hollow shaft or boss which receives the 
hollow shaft or boss of a correcting or adjusting wheel, having 
teeth on its periphery corresponding with those of one set of 
signs on the type wheel or the intermediate positions thereof. 
The outer end of an arm from the axis of the type wheel passes 
into a recess in a lever turning upon an axis carried by the cor- 
recting or adjusting wheel, and this lever is formed at its oppo- 
site ends with projections adapted respectively to fill up spaces 


opposite those between the teeth of the correcting or adjusting 
wheel. The pressing in of one end of this lever will cause the 


teeth of the correcting or adjusting wheel to be coincident with 
one set of signs on the type wheel, and the pressing in of 
the opposite end of the lever causes the type wheel to be 
moved partly round on its axis, so that the intermediate signs 
are then coincident with the teeth of the correcting or adjusting 
wheel. One or the other end of this lever is pressed inwards 
at tlie times desired to effect a change when the apparatus is 
set in motion by the passage of a current of electricity brought 
into operation by acting on one or the other of particular keys 
corresponding with the relative position of the type and cor- 
recting or regulating wheels. 

The improvements relate, thirdly, — — 
permanent magnet in connection with an 
manner of the character described in the Specification of Letters 
Patent, granted respectively to Joseph Camp Griffith Kennedy, 
bearing date the llth of September, 1855, No. 2058, and to 
myself, bearing date the 27th of April, 1858, No. 938, and con- 
sist in connecting the armature through a small local battery to 
one wire of the electro-magnet, and in connecting the other wire 
of the electro-magnet with a stud or projection in position to be 
acted upon by the armature when that is raised. By these 


means, upon the passage of a current of electrici’‘y into the 


electro-magnet the armature is at once released, when the cur- 
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rent of electricity, in place of continuing through the coils of 
the electro-magnet, flows by way of the armature and through 
the local battery to the main wire, at the same time the tend- 
ency of the local battery is to restore the magnetism in the 
cores of the electro-magnet. 
Also my improvements relate to levers * of the character 
referréd to in the latter specification of letters patent as grant- 
ed to me. In such former specification the surface of such 
lever E for operating on the pins of the circle is shown only to 
extend over a surface equal to that of two pins, and I now 
find it important for the purpose of insuring a sufficient flow of 
electricity for considerable length of wire, and, when working 
with high speeds, to the type wheel, that the duration of con- 
tact of the contact surface employed may be equal to the 


10 passage of three or more letters of the type wheel. 


SPECIFICATION in pursuance of the conditions of the Letters Patent, 


filed by the said David Edward Hughes in the Great 
Seai Patent Office on the 27th July, 1863. 


To ALL WHOM THESE PRESENTS SHALL COME, I, David Edward 
Hughes, of the United Kingdom Electric Telegraph Company 
(Limited), Gresham House, Old Broad street, in the City of 
London, Electrical Engineer, send greeting : 

Whereas, Her Most Excellent Majesty Queen Victoria, by 
her Letters Patent, bearing date the twenty-seventh day of 
January, in the year of our Lord one thousand eight hundred 
and sixty-three, in the twenty-sixth year of her reign, did, for 
herself, her heirs and successors, give and grant unto me, the 
said David Edward Hughes, her special licence that I, the said 
David Edward Hughes, my executors, administrators and 
assigns, or such others as I, the said David Edward Hughes, 
my executors, administrators and assigns should at any time 
agree with, and no others, from time to time and at all 
times thereafter during the term therein expressed, should and 
lawfully might make, use, exercise and vend, within the United 
Kingdom of Great Britain and Ireland, the Channel Islands 
and the Isle of Man, an invention for Improvements in Means 
or Apparatus for effecting Telegraph Communications,” upon 
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the condition (amongst others) that I, the said David Edward 
Hughes, my executors or administrators, by an instrument in 
writing under my, or their, or one of their hands and seals, 
should particularly describe and ascertain the nature of the 
said invention, and in what manner the same was to be per- 
formed, and cause the same to be filed in the Great Seal Patent 
Office within six calendar months next and immediately after 
the date of the said letters patent. 

Now know ye, that I, the said David Edward Hughes, do 
hereby declare the nature of the said invention, and in what 
manner the same is to be performed, to be particularly de- 
scribed and ascertained in and by the following statement there- 
of, that is to say : 

The improvements relate, first, to means for regulating or 
governing the motion of apparatus employed when recording 
telegraphic communication. Upon one of the main axes of such 
apparatus I apply a fly or balance wheel, and opposite the end 
of this axis, but held somewhat inclined to it, I apply an elas- 
tic and weight rod capable of vibrating in a rotary direction 
when acted upon by an arm or connection from the main axis 
referred to. The vibrations thus obtained regulate and render 
uniform the motions of the apparatus without the necessity of 
an escapement. The position of the weight on the vibrating 
rod is capable of being regulated to the speed desired. To pre- 
vent breakage of this vibrating rod by the extent of its vibra- 
tions a pad or friction surface is brought into operation upon a 
friction band or surface as the vibrations increase, in order to 
use up the surplus force exerted. 

Secondly, the improvements relate to means for facilitating 
the ready change from one class or character of recorded sign 
or indication to another, as from letters to figures. For this 
purpose the periphery of the type wheel is arranged with the 
desired different signs thereon in alternate order, and this 
wheel is affixed to a hollow shaft or boss which receives the 
hollow shaft or boss of a correcting or adjusting wheel, having 
teeth on its periphery corresponding with those of one set of 
signs on the type wheel, or the intermediate positions thereof. 
The outer end of an arm from the axis of the type wheel passes 
into a recess in a lever turning upon an axis carried by the cor- 
recting or adjusting wheel, and this lever is formed at its op- 
posite ends with projections adapted respectively to fill up 
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spaces opposite those between teeth of the correcting or ad- 
justing wheel. The pressing in one end of this lever will cause 
the teeth of the correcting or adjusting wheel to be coincident 
with one set of signs on the type wheel, and the pressing in of 
the opposite end of the lever causes the type wheel to be moved 
partly round on its axis, so that intermediate signs are then 
coincident with the teeth of the correcting or adjusting wheel. 
One or the other end of this lever is pressed inwards at the 
times desired to effect a change, when the apparatus is set in 
motion by the passage of a current of electricity brought into 
operation by acting on one or the other particular keys corre- 
sponding with the relative position of the type and correcting 
or regulating wheels. 

The improvements relate, thirdly, when using the power of 
a permanent magnet in connection with an electro-magnet in 
manner of the character described in these specifications of 
letters patent, granted respectively to Joseph Camp Griffith 
Kennedy, bearing date the 11th of September, 1855, No. 2058, 
and to myself, bearing date the 27th of April, 1858, No. 938, 
and consist in connecting the armature through a small local 
battery to one wire of the electro-magnet, and in connecting 
the other wire of the electro-magnet with a stud or projection 
in position to be acted upon by the armature when that is 
raised. By these means, upon the passage of a current of 
electricity into the electro-magnet, the armature is at once re- 
leased, when the current of electricity, in place of continuing 
through the coils of the electro-magnet, flows by way of the 
armature and through the local battery to the main wire, at the 
same time the tendency of the local battery is to restore the 
magnetism in the cores of the electro-magnet. 

Also, my improvements relate, fourthly, to levers Es of the 
character referred to in the latter specification of letters patent 
as granted to me. In such former specification the surface of 
such lever &* for operating on the pins of the circle is shown 
only to extend over a surface equal to that of two contact pins, 
and I now find it important for the purpose of insuring a suffi- 
cient flow of electricity for considerable lengths of wire, and 
when working with high speeds to the type wheel, that the 
duration of contact of the contact surface employed may be 

20 equal to the passage of three or more letters of the type wheel. 

But that the improvements may be better understood, I 
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will proceed, by the aid of the accompanying drawings, more 
fully to describe the same. 


DESCRIPTION OF THE DRAWINGS. 


Figure 1 represents a side view, partly in section; figure 2 
a plan view, and figure 3 an end view of parts arranged to the 
first part of my improvements. 

a indicates parts of the framing ; 5 a fly or balance wheel 
affixed on one of the main axes of the apparatus employed in 
recording telegraphic communications; and, supposing these 
improvements applied to apparatus such as described in the 
specification of letters patent granted to me, bearing date 
the 27th day of April, 1858, No. 938, such fly or bal- 
ance wheel will represent the fly or balance wheel Z there 
referred to, as affixed on the axis ii of that apparatus, but 
this may be varied; e is an elastic rod, one end of 
which is fixed stationarily at ei, whilst the other end 
passes through an eye di, attached to the piece of thick leath- 
er, or other suitable elastic material d, which is affixed to the 
boss e between the plates ei and e affixed thereto, by which 
the end of the leather d carrying the eye di, will, when the 
apparatus is at rest, lie on the plate ei, and when the apparatus 
is in motion the leather d will be restrained by the plate 6s. 
The boss e carries a pin or axis “%, which turns in a hole formed 
for it in the end of the arm e“ affixed to the axis ii; / is a 
weight capable of sliding on the elastic rod c, and of being held 
in any desired position thereon by its being affixed to the rod 
Fi, to which is affixed the rack f?, the teeth of which are taken 
into by the teeth of the pinion 75, by which that rack is moved 
so as to move the weight F along the rod c. The boss e also 
supports the arms g and A, the arm g is furnished with a pad 
g' of cloth, leather, or other suitable material, which in the 
rotary vibrations of the outer end of the rod cis brought to 
bear against the inside of the stationary rim a' affixed to the 
framing a, and the arm g is drawn towards the flang ai by means 
of the spring A1 acting on the arm A. By this means, as the 
fly or balance wheel } revolves, motion will simultaneously be 
given to the weight /, which, by acting on the rod e, and thence 
through the strap or band d upon the boss ¢ and the friction 
arm g, will cause an increase of friction upon that arm, in pro- 


15 portion to the amount of force exerted by the tendency to in- 
crease the arc of vibration of the rod c, resulting from any in- 
crease of motive power exerted upon the apparatus, by which 
the effect of such power will be rendered uniform. By altering 

- the position of the weight F along the rod c, the number of vi- 
brations of that rod in a given time will be varied, so as to regu- 
late and render uniform the speed of the mechanism to which it 
is connected in relation to another or other instruments with 
which it may be desired such mechanism should work in uni- 
son. : 

Figs. 4 and 5 shew a slight modification of the parts fo 
holding the loose end of the elastic rod c, by the substitution of 
a rigid or only slightly elastic piece of metal d for the flexible 
material already referred to, and the application of a friction 
spring e“ affixed to the arm ¢* with its loose end pressing on the 
boss e with a tendency to retard its movement. 

Fig. 6 shews a side view, Fig. 7 a front view, Fig. 8 a back 
view; and Fig. 9 a section of parts arranged according to the 
second head of the invention. i is a type wheel for printing 
telegraphic communications, in manner such as described in the 
specification of letters patent referred to or otherwise; but, 
according to my present improvements, the periphery of this 
wheel is formed alternately into signs of a different character 
as letters and figures, and in place of this wheel being formed 
on or affixed to the same boss as that to which the correcting 
or adjusting wheel is affixed, as explained in the said 
specification of letters patent granted to me, the type 
wheel / is affixed to the tube or hollow axis ii, which 

receives upon it the boss j! of the correcting or adjust- 
ing wheel j. To this hollow axis ii of the type wheel i is also 
affixed the lever of arm 22, the outer end of which is received into 
a recess, as shewn in the lever is, which is capable of moving on its 
axis of motion 7‘, carried by the correcting or adjusting wheel 
j. The effect of a depression of either end of this lever i⸗ 
towards the centre of the wheel 7 is to cause the type wheel i to 
make a slight movement on its axis in relation to the correcting 
or adjusting wheel 7, in a direction dependent upon which end 
of the lever i“ is depressed, and the amount of movement thus 
obtained is equal to the distance between one sign and the 
next, or from one character of sign to the other on the type 
wheel, and the depression of one or the other end of the lever 
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is is obtained by causing the cam or tappet E to act at the time 
desired, in manner such as described in respect of the tappet is of 
the said former specification of letters patent granted to me, and 
for this purpose I make use of two finger or releasing keys, one 
to cause the tappet E to act on one end of the lever 2? and the 
other on the other end thereof, according to the direction of 
the change desired, as from figures to letters, or from letters to 
figures, or from one to any other sign. : 

Figure 10 shows by a diagram an illustration of the third 
part of my improvements. a represents a portion of a line 
wire; 6 the electro-magnet; ca wire passing therefrom to the 
axes c! of the contact maker in apparatus of the character of 
that referred to as being described in the said specification of 
letters patent granted to me, No. 9385* ; dis one of the finger 
keys, by which contact is obtained; and e is a wire therefrom 
to one pole of the main battery /, the other pole of which 
is by the wire g in connection with the earth plate A; d is the 
armature affixed to the lever ii, which turns upon an axis i“, 
and is by the wire j in communication with one pole of a small 
local battery E, the other pole of which is in metallic connection 
with the wire a by means of the wire I. m is a stud carried by 
one end of the lever n, which is capable of turning upon an 
axis 1. The axis n' is by means of a wire pin metallic connec- 
tion with the axis ci of the contact maker, and the stud m is in 
metallic contact with the armature i. When, from electricity 
being caused to flow through the line wire a, the armature i is 
repelled from contact with the electro-magnet 5, the current 
of electricity, in place of continuing through the coils of the 
_electro-magnet 3, will flow by way of the armature i, and 
through the local battery to the main wire a. At the same 
time the tendency of the local battery is to restore the mag- 
netism in the cores of the electro-magnet. 

The fourth part of the improvements is shown by side view 
and plan at figures 11 and 12. The red lines indicate a circle 
of contact pins g, and / I indicates the extended surface of the 
lever , adapted to be in contact with any one of the pins g, a 
period equal to the time of traversing the space occupied by 
four of such pins; n m is the insulating cam acting therewith 
to force back the contact pins g after each operation. 

Having thus described the nature of my said invention and 
means by which the several improvements are carried into ef- 
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5 fect, I would have it understood that I do not confine myself to 
the precise details shown and described as 5, these may be 
varied without departing from the peculiar character of such 
improvements. 

In witness whereof, I, the said David Edward Hughes, have 
hereunto set my hand and seal, this twenty-fourth day of July, 

10 in the year of our Lord one thousand eight hundred and sixty- 
three. 


D. E. HuaHes. [L. s.] 
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(Wo. 78.) Defendants’ Exhibit, Specification of Joseph 


[Introduced in Case, p. 410.] 


ELecrro-MaGNeTic TELEGRAPHS. 


Letters Patent to Joseph Camp Griffith Kennedy, of Saint James’ 
street, Piccadilly, in the County of Middlesex, gentleman. 
for the invention of “Improvements in the mode of and 
apparatus for transmitting signals by the use of the elec- 
tric current, part of which improvements is applicable to the 
regulating of machinery generally.“ 

A communication. 


Sealed the 11th December, 1855, and dated the llth 
September, 1855. 


Provisional specification left by the said Joseph Camp Griffith Ken- 
nedy, at the office of the Commissioners of Patents, with his 
petition, on the 11th September, 1855. 


I, Joseph Camp Griffith Kennedy, of St James’ street, Pic- 

5 cadilly, in the County of Middlesex, gentleman, do hereby de- 

clare the nature of the said invention for “ Improvements in 

the mode of and apparatus for transmitting signals by the use 

of the electric current, part of which improvements is ap- 

plicable to the regulating of machinery generally, to be as 
follows : 

The object of this invention is to transmit printed commu- 
nications with greater dispatch and by a more simple arrange- 
ment of mechanism than is at present employed. 

In carrying out this invention, clock-work is employed for 
driving the machinism, and the motion of a portion of the me- 
chanism is rendered intermittent by the detentive power of a 
permanent magnet. A series of spring levers, answering to the 


movement of a set of stops, which indicate letters or signs, and 
are depressed by the operator are brought into a line with a 
row of pins, projecting from and arranged helically around a 
metal barrel, which receives a continuous rotation by means of 
clock-work. The same power also drives (at the same speed) 
the type wheel which prints the message sent. 

At the stations which are to receive signals an electro-mag- 
net is provided, the coils of which are in connection with the 
battery at the transmitting station. Above this magnet a perma- 
nent magnet is mounted, the same being hinged to a stand, and 
receiving a tendency, by means of aspring or otherwise, to rise 
when the attraction between it and the iron of the electro-mag- 
net ceases, which will be the case while a current of electricity 
is traversing the coils. The rise of the permanent magnet on 
its hinge will release the arm of a crank axle, and allow that 
axle to revolve, a weighted cord being provided for the purpose 
of drivingit. A connecting rod from the crank axle transmits mo- 
tion to a rocking frame or lever which carries the platen. At 
every rotation, therefore, of the axle the platen is raised and 
pressed against the type wheel. A travelling band of paper, 
which passes between the type wheel and platen, takes the im- 
pression of the lowest type, the type having been previously 
inked by an inking roller revolving in contact with the type 
wheel. The connecting rod which is pendent from the crank 
axle, serves to rock a lever, which, by reason of its connection 
with the permanent magnet, will draw it down into contact with 
the soft iron of the electro-magnet, and the current ceasing, it 
will retain that position and thereby stop the printing operation. 
A repetition current will, however, establish the condition 
requisite for a repetition of the movement of the platen, and 
the letter or sign printed will correspond to the stop touched 
by the operator, and thus any message may be readily trans- 
mitted. 

The frame carrying the set of spring levers which are actuated 
by the stops is connected with the opposite pole of the battery 
to that with which the electro-magnet is in connection. 
When the circuit is established, by the contact of one of the 
spring levers with a corresponding pin on the barrel or 
cylinder, the current passes from the electro-magnet coils to a 
spring lever, which, being alternately upon a conducting and 
non-conducting wheel mounted on the axle of the pin barrel (as 


8 
that barrel rotates) returns the current through the barrel to 
the spring levers to the battery. 

For the purpose of shutting off those stations which are 
not intended to receive the message, a flanged wheel is mounted 
on the axle of the printing wheel, with notches in it, corre- 
sponding to a blank on the type wheel, and a given letter de- 
noting the station. Upon this flange a spring bolt acts, and by 
its pressure stops the rotation of the wheel; but when the 
notch corresponding to the letter denoting the station is pre- 
sented to the bolt, the bolt will be thrown by a cam on the 
crank axle, before mentioned, and entering the notch or clear- 
ing the flange, the wheel will be allowed to revolve, and the 
apparatus at that station will operate, but, owing to no notch 
being presented to the bolt at other stations, they will not re- 
ceive the message. 

In carrying out this invention, it is very important that the 
speed of rotation of the printing wheel and pin barrel should 
be adjusted to a great nicety. For this purpose the detent is 
actuated by a vibrating spring, the free end of which is 
weighted by a sliding weight or otherwise to ensure the proper 
speed of pulsation. This contrivance, it will be understood, is 
also applicable to the regulating of other mechanism. 


SPECIFICATION in pursuance of the conditions of the Letters 
Patent, filed by the said Joseph Camp Griffith Kennedy in the 
Great Seal Patent Office on the ilth March 1856. 


To ALL TO WHOM THESE PRESENTS SHALL COME: I, Joseph 
Camp Griffith Kennedy, of St. James’ street, Piccadilly, in the 
County of Middlesex, gentleman, send greeting: 


Wuereas, Her Most Excellent Majesty Queen Victoria, by 
Her Letters Patent, bearing date the eleventh day of Septem- 
ber, in the year of our Lord one thousand eight hundred and 
fifty-five, in the nineteenth year of her reign, did, for herself, 
her heirs and successors, give and grant unto me, the said 
Joseph Camp Griffith Kennedy, her special license that I, the 
said Joseph Camp Griffith Kennedy, my executors, adminis- 
trators and assigns, or such others as I, the said Joseph Camp 
Griffith Kennedy, my executors, administrators and assigns, 


in 


should at any time agree with, and no others, from time to 
time, and at all times thereafter during the term therein ex- 
pressed, should and lawfully might make, use, exercise, and 
vend, within the United Kingdom of Great Britain and Ireland, 
the Channel Islands and Isle of Man, an invention for “Im- 
provements in the mode of and apparatus for transmitting sig- 
nals by the use of the electric current, part of which improve- 
ments is applicable to the regulating of machinery generally,” 
being a communication from abroad, upon the condition 
(amongst others) that I, the said Joseph Camp Griffith Ken- 
nedy, by an instrument in writing under my hand and seal, 
should particularly describe and ascertain the nature of the 
said invention, and in what manner the same was to be per- 
formed, and cause the same to be filed in the Great Seal Patent 

Office within six calendar months next and immediately after 
the date of the said letters patent. 

Now, know ye, that I, the said Joseph Camp Griffith Ken- 
nedy, do hereby declare the nature of the said invention, and 
in what manner the same is to be performed, to be particularly 
described and ascertained in and by the following statement, 
reference being had to the drawings hereunto annexed, and to 
the letters and figures marked thereon ; that is to say : 

The object of this invention is to transmit printed communi- 
cations with greater despatch and by a more simple arrange- 
ment of mechanism than is at present employed. - 

In carrying out this invention, clock-work is employed for 
driving the mechanism, and the motion of a portion of the 
mechanism is rendered intermittent by the detentive power of 
a permanent magnet. 

In the accompanying drawings, Fig. 1, sheet I., shews in front 
elevation the improved electro-magnetic printing telegraph com- 
plete ; Fig. 2, sheet II., is a plan view of the same; and Figs. 
3, 4 and 5, sheet III., are sectional elevations, shewing the de- 
tails of the apparatus. Before entering into a detailed descrip- 
tion of the improved apparatus, I will first explain, by reference 
to the diagram, Fig. 7, sheet IV., the principle of its operation. 
In this diagram, A represents an electro-magnet, situate at the 
‘station to which a communication is to be sent. The coils of 
this electro-magnet are connected with the earth by a ground 
wire A*, and by a line wire B with the platinum plate of the 


SPECIFICATION OF J. d G. KENNEDY. 615 


battery C, which is situate at the station from whence the mes- 
sage is to proceed. 
The circuit is completed in the following manner :—A wire D 


from the zinc plate connects with a spring lever E, which is 


carried by a post F, and bears upon the periphery of a wheel 
G, so constructed as by its rotation to break and restore the 
circuit in quick succession. This wheel is attached to a cylin- 
der H, provided with a helical line of pins projecting radially 
from its periphery, and in front of the barrel lies a series of 
spring levers I, which, when moved inta position, will come in 
contact with the pins as the barrel or cylinder H revolves. 
These spring levers are carried by a metal frame K, which is 
connected with the earth by a ground wire K*, an arrangement 
of levers actuated by a stop L, is provided for each of the spring 
levers I, their object being to bring the levers I severally, as 
required, opposite a pin on the barrel, and thus to complete 
the electric circuit. Referring now again to the station which 
is to receive the message, and where the electro-magnet is 
situate, it must be explained how this temporary magnet is em- 
ployed in effecting the transmission and the printing of the 
message. M is a permanent magnet, supported by a hinge 
joint, and having a strong attraction for the soft iron wire of 
the electro-magnet A, which attraction is, however, suspended 
on a current of electricity being passed through the coils of the 
electro-magnet ; a slight spring will then suffice to raise the per- 
manent magnet out of contact with the soft iron. This move- 
ment by rocking a lever M* connected to the magnet will set 
free the detent N of a clock escapement, and allow a crank to 
rotate and lift a lever O, that carries a platen and thereby 
press the platen against a rotating type wheel P, the 
letters or signs on the periphery of which correspond 
to the pins on the barrel H, and come into a position 
to print simultaneously with the corresponding pins coming 
into contact with their respective spring levers I. It will thus 
be understood that on the depression of a stop L, say that stop 
which corresponds to the letter A on the type wheel, the circuit 
will be completed when that pin on the barrel which corre- 
sponds to the letter A comes round and touches the spring lever 
I, which is placed for the purpose. A current of electricity will 
then pass to the coils of the electro-magnet, the attraction will 
cease, and the permanent magnet will rise and release the de- 
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DEFENDANTS EXHIBITS. 
tent. The clock-work will then cause the platen to rise and 
effect the impress of the letter A on a band of paper, which 
travels forward between the type wheel and the platen; but in- 
asmuch as the rotation of the barrel H is continuous, the con- 
tact of the pin and the lever will be but momentary ; the current 
will therefore be quickly broken, and the permanent magnet 
will return to its depressed position, the depression of another 
stop will again send a current of electricity through the coils of 
the magnet, and the printing action will be repeated, the paper 
being pressed by the platen against that letter on the type 
wheel which corresponds to the depressed stop. 

Having thus explained the principle of action of the im- 
proved apparatus, I will proceed to describe the mechanism in 
detail. 

In sheets I., II. and III. A is an electro-magnet, 
above which is mounted a permanent horseshoe magnet 
B, carried by a cross bar 6, which rocks on the centre 
pins 51 61, projecting from pillars or supports 5*. Pendant 


from this cross bar 5 is an arm 33, to which one end of a coiled 


spring 5“ is attached, the other end being connected by a cord 
to a hold-fast or tightening screw 6° in the table of the instru- 
ment. On the transmission of a current of electricity through 
the coils of the electro-magnet, the powerful magnetic attraction 
which naturally exists between the permanent magnet and the 
soft iron of the electro-magnet will be suddenly suspended, and 
the coiled spring 5‘ will draw up the horseshoe magnet B to 
the dotted position of Fig. 3, sheet III. A screw e, attached 
to one end of a rocking lever C, whose fulcrum pin is carried 
by the pillars c', bears upon the magnet B, it being held in con- 
tact therewith by the downward tendency imparted to it by the 
coiled spring c*. The opposite end of the lever C to that which 
carries the bearing screw c forms a stop to the detent lever d 
of the crank shaft D. From the crank of this shaft a rod di is 
pendant, and from the rod d hangs a chain d?, which supports 
one end of a rock lever ds, whose fulcrum pin is carried by the 
pillars oi. The opposite end of the rock lever d“ is connected 
to a draw rod d, pendant from the cross bar of the permanent 
magnet B, and intended to draw down the magnet (when ele- 
vated) into contact with the electro-magnet. The spring c 
connects the two levers C and d together. To a bracket bear- 
ing from the main framing of the instrument one end of a bar 
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¢ is jointed, and the other end is jointed to the pendant rod 
di; to this bar a platen E is attached by means of a binding 
screw, which renders it capable of adjustment to suit the type 
wheel F, which is mounted just above it, and in its revolution 
brings the several letters of the alphabet or other arbitrary 
symbols immediately above the platen. A strip or band of 
paper g (kept at tension by any suitable contrivance) passes 
from the paper roller G, between the platen and the type wheel, 
and thence out of the instrument, it being drawn forward by 
the bite of the rotating wheel g* against the cushion roller 98. 
It will now be understood that if a tendency is given to the 
crank shaft D to rotate, by reason of its connection with a clock 
movement, as will be presently explained, the detent lever d will, 
immediately it is released from the lever C, fly round in the direc- 
tion of the arrow, Fig. 1, and raise the pendant rod di. This 
movement of the rod di will draw up the lever e, and, forcing 
the platen against the type wheel, will produce an imprint upon 
the paper band of the lowest letter on that wheel, the rise of 
the lever ¢ being assisted by the upward pressure of the spring 
ei, which is affixed to the framing of the instrument, and bears 
against the under side of the bar e. Immediately following 
upon this sudden movement of the detent arm d, will be the 
rocking of the lever d?, and the depression of the magnet B (by 
the downward tendency of the draw rod d) into contact with 
the electro-magnet A, in which position it will be held firmly 
until a current of electricity is again passed through the coils 
of the electro-magnet; a repetition of the above described 
movements will then take place. 

For the purpose of transmitting messeges to and fro between 
two given places, it will be understood that two instruments 
will be required (one at each station), which instruments must 
be so coustructed and arranged as to work in harmony, and per- 


mit of currents of electricity passing to and froin opposite direc-' 


tions in following seconds of time, or, in other words, of two 
messages being sent from opposite ends of the same lin ewire 
by the alternate action of the two instruments. 

I will now describe in detail the mechanism employed for es- 
tablishing and breaking the circuit in a manner that will pro- 
duce the imprint of any given letter, as already explained, on a 
traveling band of paper. H is a metal barrel or cylinder, pro- 
vided with radial pins A, which are set helically around it, and 
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are equal in number to the number of signs intended to be in- 
dicated. A continuous rotary motion is imparted to the barrel 
H, by means of clock-work, to be hereinafter described, and 
thus the pins & will be each in their turn brought into a line 
with a set of spring levers 4', which are jointed to a metal frame 
J, that is connected with the earth plate wire. The barrel H, 
carries at one end a notched wheel or circuit breaker I, on 
which a spring lever K presses, and this lever is in metallic con- 
nection with the main conducting wire of the telegraph. In- 
sulated from the barrel H, but revolving with it, is a second 
notched wheel or circuit breaker I“, which comes in contact 
with the spring lever as the wheel I passes out of contact, and 
thus a circuit (for currents running in opposite directions alter- 
nately) is continually broken and renewed. The ends of the 
spring levers 4' nearest the barrel rest upon a notched bar A?, 
shown detached at Fig. 6, sheet III., and standing up between 
them are levers 4? (Fig. 5), which are caused to rock on their 
fulcra by means of draw rods A‘. These draw rods are ac- 
tuated by the bell-crank levers 4°, which carry their respective 
stops &, answering respectively to some letter of the alphabet 
or other arbitrary sign. By depressing a stop à the lever A*, 
corresponding thereto, will push forward the spring lever A1, 
contiguous to it, and it will then fall from the shoulder on which 
it rested to a lower part of the notch, and lie in a line with a 
pin on the barrel. As this pin comes round, it will touch a 
spring lever 4', and the circuit will be complete. At this in- 
stant a letter or sign on the type-wheel F, at the signal receiving 
station, will have been presented to the paper band, and a cur- 
rent of electricity having now entered the coils of the electro- 


magnet A at that station, the attraction between the two mag-. 


nets will for the moment cease. The detent arm d will there- 
fore be released, and the crank shaft D will cause the platen 
E to rise and effect the imprint desired upon the paper. 
The continuous rotation of the barrel H will now cause the pin 
h, in contact with the spring lever A1, to raise that lever out of 
the lower part of the notch of the plate A*, and the lever will 
then by its own elasticity spring forward and rest upon the 
shoulder from which it was pushed by tke lever 4%. The cir- 
cuit will then be broken, and the detent arm of the instrument 
at the other end of the wire will be again held fast, by reason 
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of the attraction being again established between the permanent 


and temporary magnets. 
It now remains to be explained how a return message can be 


transmitted between the intervals that must necessarily elapse 
between the following signals of the same operator. By refer- 
ence to the diagram, Fig. 8, sheet IV., the arrangment of the 
wires for connecting the operations of the two instruments will 
be clearly seen, one instrument being supposed to be situate at 
London and the other at Birmingham. A A are the electro- 
magnets, connected permanently by a wire 1 with their respect- 
ive circuit breakers I*, and with the earth by a wire 2. The 

line wire 3 is connected at either end with the 
spring levers K K, and the metal frames which carry the spring 
levers A1, that bear against the radial pins & of their respective 
barrels H, are connected with the earth by the wires 44. In 
order, therefore, to send a message from Birmingham to Lon- 
don while the attendant is operating at London, as above de- 
scribed, the attendant of the Birmingham instrument has 
merely to depress a stop, and the current will pass along the 
line wire 3 to London, enter the instrument at the lever K, pass 
thence to the wheel 1* (the lever K being at that moment in 
metallic contact with that wheel), and so to the electro-magnet 
A. The attraction will then cease between the electro-magnet 
and the permanent magnet of the instrument, and the printing 
action will then take place. In order to ink the printing sur- 
face of the type-wheel F, it is caused to revolve in contact with 
a flanged inking roller 7, which is borne up against it by a 
spring f'. Before transmitting a message to a distant station, 
it will be necessary to exclude all the other instruments which 
are in connection with the line wire from receiving and record- 
ing the message. For this purpose the following contrivance is 
provided in each instrument: L is a sliding bolt, capable of 
being moved towards the flange of a cog-wheel, M, by means 
of a cam d, attached to the crank shaft D. This wheel M is 
mounted on the axle of the type-wheel and revolves with it. 
The flange of the cog-wheel M has a slot opposite the blank on 
the type-wheel F, and also another slot opposite any given let- 
ter which designates the station to which the instrument be- 
longs. Thus, for example, the letter A may represent London, 
the letter B Birminghan, and the letter C Coventry. The first 
action of the electro current is to start all the instruments on 
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the route, and at the same time to move the bolt L nearer to 
the flange of the wheel M. The next movement of the crank 
shaft D will send the bolt L against the flange M; or, if a slot 
be opposite the bolt, the latter will pass through, and, being in 
form properly adapted to the flange, will permit the instrument 
to run; but if no slot is opposite the bolt the same is forced 
against the flange, and the revolution of the wheel is stopped 
by friction of contact. Suppose, then, it is desired to commu- 
nicate from London to Birmingham, to the exclusion of Cov- 
entry: both instruments being ready to receive, the first closing 
and breaking of the circuits starts all the instruments at the 
same time, and by the first revolution of the crank shaft the 
bolt in each approaches to the flange. The next breaking and 
closing of the circuit, if effected while the slot in the Birming- 
ham instrument is opposite the bolt, forces the bolt through 
the slot, does not suspend the operation of the instrument B, 
but no slot being opposite B in the instrument at Coventry, 
the corresponding bolt there is forced against the flange, 
and instantly suspends the movement of the wheel. The 
clock-work mechanism for driving the crank shaft and 
the barrel and type-wheel consists of two distinct trains, 
which are operated by weighted cords 1, 1* (see the detached 
sectional view, Fig. 4, sheet II) wound around their respective 
barrels, 2, 2*. On the axle of the barrel 2 is a cog wheel 3, 
which gears into and drives a pinion 4 on an arbor 5, 
which carries also a wheel 6. This wheel 6 gears with a 
pinion 7 on an arbor 8, which also carries a cog wheel 9, 
that gears into a pinion 10 on the crank shaft D, and 
thereby drives that shaft as soon as its detent arm d is re- 
leased from the tail of the lever C, as already explained. 
A cog wheel 1 1 on the arbor 5 gears a pinion on the hub of 
the wheel g?, and thereby gives to that wheel an inter- 
mittent motion, which is communicated to the band of paper 
that is to receive the printed message. The move- 
ment of the train of wheels which drives the barrel H and type 
wheel F is regulated by an escapement which, while it per- 
mits of the continued rotation of the wheels, will prevent 
the weighted cord 1* on the barrel 2* from running down sud- 
denly. On the axle of this drum is a cog wheel 3* which 
gears into a pinion 4* on the arbor of which is a wheel 5*. This 
wheel 5* gears into a pinion, mounted on an arbor which 
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carries a cog-wheel 7* in gear with a pinion on the 
8* of the type wheel. An escape wheel 9* is keyed to this 
arbor, and into the teeth of the wheel the pallets of the 
pallet lever 10* take. The pallet lever works on a fulcrum 
pin 11*, and attached to its outer end is a rod, which con- 
nects it with a vibrating string 12* secured at one ex- 
tremity to the framing of the instrument. The impulse com- 
municated to the pallet lever by the escape wheel is com- 
municated by the rod 11* to the spring 12*, which, being 
thereby set in vibration, will act like the pendulum of a 
clock, and effect alternately the release and re-engagement 
of the escape wheel. A shifting bar 13* is provided for de- 
ter mining the extent of vibration of the spring 12*. This 
arrangement of vibrating spring I propose to apply in lieu of a 
pendulum to clock work generally, and other mechanism, 
the speed of which requires regulating. The rotary 
motion given to the type wheel F by this arrangement of 
mechanism is imparted to the barrel or cylinder H by means 
of a cog wheel 14* on the barrel shaft gearing into the flanged 
wheel M, which has the same number of teeth as the 
wheel 14*. It will thus be understood how the pins on the 
barrel (which pins severally answer to a letter or other symbol 
on the type wheel) come severally into a line with the 
spring levers 4 for the purpose completing the circuit at 
the moment that their corresponding letters on the type 
wheel arrive at the required position for printing. 

Having now explained the nature of the invention and the 
manner of carrying the same into effect, I wish it to be under- 
stood that— a 

First, I claim the employment of the retaining or holding 
power of the natural magnet for arresting the action of the in- 
strument, whether the same be applied in the manner herein 
described, or in any similar manner producing like results. 

Second, I claim combining with the permanent magnet an 
adjustable spring almost sufficient to sever it from its connec- 
tion with the soft iron of the electro-magnet, and a lever, or 
its equivalent, for restoring the permanent magnet to its con- 
tact position after being separated from the soft iron of the 
electro-magnet, as explained. 

Third, I claim the employment of two cog wheels or circuit 
breakers in thé same instrument so arranged that one shall be 


in connection with the electro-magnet and the other with the 
transmitting cylinder or barrel H, and also the combined use of 
instruments connected as above explained, the same being so 
arranged that the connection will alternate at each station for 
every letter between the electro-magnet and the transmitting 
cylinder of the same instrument in such manner that the 
through connection is always simultaneously through the trans- 
mitting cylinder of one station and the electro-magnet of the 
other station, whereby the instrument at each station can at 
the same time be transmitting a message and receiving a mes- 
sage; it being understood, however, that I do not claim in 
general the use of a single wire forthe simultaneous transmis- 
sion of different messages by means of rapid changes of con- 
nection, which is not new, but only the peculiar manner as 
above claimed, in which I have applied it in connection with 
my machine. 

Fourth, so arranging a bolt, and operating the same by a 
cam or its equivalent, that it shall act like a break upon the 
wheel attached to the shaft of the type wheel, and so preclude 
the intelligence from the station or stations on the circuit from 
which it is desired to withhold the communication. 

Fifth, I claim the employment of a vibrating spring properly 
weighted at its extremity, if necessary, for governing or regu- 
lating the movement of the type wheel, and this I claim for 
governing the speed of other machinery without limiting its use 
to its connection with electro-magnetism. 

Sixth, I claim printing messages by the aid of electro-mag- 
netism from a continuously moving type wheel, printing while 
in motion. 

Seventh, I claim the arrangement of a cylinder with pins 
arranged helically thereon to operate by contact with metallic 
points in order to close and break the circuit when this is 
combined, for the purposes herein set forth, with the system of 
stops and levers so arranged that any desired point may be 
thrown within the range of revolution of its corresponding pin, 
where it will be retained until it is struck by the said pin. 

In witness whereof, I, the said Joseph Camp Griffith 
Kennedy, have hereunto set my hand and seal, the seventh day 
of January, in the year of our Lord one thousand eight hundred 
and fifty-six. 


Jos. C. G. Kennepy. [I. 8.] 


(Mo. 80.) Defendants’ Exhibit, Translation Reis 
Article. 
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[For Tafels L., II. and III., see Defendants’ Exhibit 5, page 24. 


[Introduced by defendants in Case, p. 420, as taken from 
printed record, American Bell Telephone Company vs. Albert 
Spencer et al., pp. 182-189.] 

The plates accompanying this Exhibit are the same as those 
accompanying Exhibit No. 5, ante, and the three sheets previously 
introduced, denominated Tafel I, Tafel II, and Tafel III. The title 
and contents of this Exhibit are as follows:] 


Tram Report or THE PuysicaL SocretTy aT FRanxrort-a-M., 1860-1, 
p. 57,“ On telephony by means of the galvanic current, by 
Philip Reis.” 

The extraordinary results in the field of telegraphy have proba- 
bly often raised the question, if it might not be possible to transmit 
speech itself to a distance? Experiments made in this direction 
could not, however, produce any result at all satisfactory, because 
the vibrations of conducting media soon lose their intensities to 
such an extent that they are no longer appreciable by our senses. 

A reproduction of sounds at certain distances by means of a 
galvanic current has probably been thought of, but the practical 
solution of this problem has certainly seemed the most doubtful to 
the very persons who, from their knowledge and appliances, were in 
the best condition to attack it. To a person having only a super- 
ficial knowledge of physic; the problem presents far less difficulties 
simply because the most of them are unperceived. About nine 
years ago I also (having an extraordinary enthusiasm for what was 
new, and an insufficient knowledge of physics) had the boldness to 
attempt the solution, but was soon forced to desist because the very 
first experiment convinced me of the impossibility of its solution. 

Later, after further study and experience, I came to see that my 
first experiment had been a very rough and by no means conclusive 


one; I did not, however, follow up this subject seriously, because I 
did not feel myself equal to the difficulties in the way. 

Youthful impressions, however, are strong, and therefore not 
easily effaced. I could never get rid of the thought of that first ex- 
periment and its occasion, notwithstanding all that reason says to 
the contrary, and thus half unwillingly this project of my. youth was 

reviewed in hours of leisure; the difficulties and the means for 
overcoming them were weighed ; but for the present, at least, no ex- 
periment was made. 

How, indeed, could a single instrument reproduce the combined 
effect of all the organs occupied in human speech? This was al- 
ways the cardinal question ; finally I got the notion of putting the 
question in another way— 

How does our ear appreciate the totality of vibration produced 
by the organs of speech all simultaneously active? Or more gen- 
erally — 

How do we appreciate the vibrations of several simultaneously 
sounding bodies? 

To answer this question, we must, in the first place, understand. 
what must happen in order that we may perceive a single tone. 

Without an ear any tone is nothing else than a recurrent con- 
densation and rarefaction of some body repeated at least seven or 
eight times in a second. If this occurs in the same medium in which, 
we are, the membrane of the ear is at each condensation forced 
towards the middle ear, to be moved at the subsequent rarefaction 
in the opposite direction. These vibrations produce a synchronous 
raising and falling of the hammer upon the anvil (according to other 
authorities, an approach or receding of the ear-bone particles), and 
a similar number of tremors in the fluid of the cochlea, in which the 
filaments of the auditory nerve are distributed. The greater the 
condensation of the conducting medium at any given moment, the 
greater is the amplitude of vibration of the membrane and hammer, 
and consequently the more powerful the blow upon the anvil and 
the vibration of the nerves by means of the fluid. 

The office of our organs of hearing is, therefore, to transmit with 
certainty up to the auditory nerve every condensation and rarefac- 
tion occurring in the surrounding medium. But the office of the 
auditory nerve is to bring to our consciousness the vibrations of 
matter which have occurred in a given time, both as regards num- 
ber and amplitude. Here, for the first time, certain combinations 
receive a name; here, certain vibrations are sounds or noises, 


What our auditory nerve perceives is, then, simply the action of 
a force coming within the range of consciousness, and this force can 
be represented both as to duration ard magnitude by a curve, 
graphically. 

Let a ö represent any given time, and the engge above the line 
condensation (Y), the curve below the line rarefaction (—), then any 
ordinate raised from the end of any abscissa will represent the 
degree of condensation, at the time represented by its base, in con- 
sequence of which the drum of the ear vibrates. 
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Our ear can, under no circumstances, appreciate more than can 
be represented by these curves, and this indeed is entirely sufficient 
to give us a clear perception of any sound or any combination of 
sounds. 

If several sounds are produced at the same time, the conducting 
medium is subjected to the influence of several simultaneous forces, 
and the two following laws will hold good: If the forces act in the 
same direction, the amplitude is proportional to the sum of the 
forces; if the forces act in opposite directions, the amplitudes are 
proportional to the differences of the opposing forces. 

If, for example, in the case of three sounds, we draw the curve 
of condensation of each separately by a summation of the ordinates 
of corresponding abscissas, we can determine new ordinates and 
develop a new curve, which might be called the combination curve. 
This represents exactly what our ear perceives of the three simul- 
taneous sounds. The fact that the musician can distinguish the 
three sounds need not surprise us any more than the fact that any 
one acquainted with the theory of colors can in green discover blue 
and yellow; but the combination curves in plate I. show that this 
difficulty is a slight one, for in these curves all the relations of the 
components successively recur. In the case of chords of more than 
three notes the relations are not so readily seen from the drawing 
Plate II. for example. In the case of such chords, however, the 
skilled musician also finds difficulty in recognizing the separate 
notes. 

Plate III. illustrates discord. Why discords impress us un- 
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pleasantly I will leave my readers to judge af thia time, though I 
may perhaps return to the subject subsequently in another paper. 

From the proceeding it follows: 

Fnsr. Every sound and every combination of sounds, on striking 
our ear, causes vibration of the drum of the ear that may be repre- 
sented by a curve. 

Srconp. The course of these vibrations simply gives us a con- 
ception (appreciation) of the sound, and every alteration changes 
the conception (appreciation). 

As soon, then, as it is possible to produce, anywhere and in any 
manner, vibrations whose curves shall be the same as those of any 
sounds or combination of sounds, we shall receive the same im- 
pression as that sound or combination of sounds would have pro- 
duced. 

With the above principles as a foundation, I have succeeded in 
constructing an apparatus with which I am enabled to reproduce 
the sounds of various instruments, and even to a certain extent the 
human voice. It is very simple, and by means of the figure will be 
easily understood from the following e ion. 


In the cubical block of wood r, e, t, u, v, w, z, there is a conical 
ration a, closed at one end by a membrane 3 (pig’s intestine), 
upon the middle of which there is cemented a conducting strip of 
platinum, this is connected with the binding screw p. From the 
binding screw n another thin strip of metal extends until over the 
middle of the membrane, and ends here in a platinum wire placed 


at right angles to its length and surface. 


ry 
4 


From the binding screw p, a conducting wire runs through the 
battery to the distant station, being connected with a coil of silk- 
covered copper wire, and this again is connected with a conductor 
leading back to the binding screw n. 

The coil at the distant station is about six inches long, is com- 
posed of six layers of fine wire, and, as a core in its centre, has a 
knitting-needle which projects about two inches at both ends. By 
means of the projecting ends, the coil rests upon two bridges of a 
resonant case. (All this part can of course be replaced by any 
other apparatus by means of which the well-known “galvanic 
sound ” can be produced.) 

If, now, sounds or sound combinations are produced in the 
neighborhood of the block, so that sufficiently powerful waves reach 
the opening a, then these sounds cause the membrane 4, to vibrate. 
At the first condensation the hammer-like wire d is pushed back, at 
the rarefaction it can follow the retreating membrane, and the cur- 
rent traversing the strip is broken, until the membrane forced by a 
new condensation again presses the strip (proceeding from p) 
against d. In this way each sound wave causes a breaking and 
closing of the circuit. 

At each closing of the circuit the atoms of the iron wire in the 
distant spiral are moved away from each other (Pouillet Muller, 
page 304, Vol. II., Fifth Edition); on breaking the circuit these 
atoms seek to regain their position of equilibrium. When this hap- 
pens, in consequence of the reciprocal actions of elasticity and 
inertia, a number of vibrations are produced, and they give the 
longitudinal sound of the rod (see as above). This is the case if the 
breakings and closings of the circuit occur with comparative slow- 
ness. If they occur more rapidly than the oscillations of the iron 
core, due to its elasticity, the atoms cannot complete their circuits. 
The paths described become shorter in proportion as the interrup- 
tions are more frequent, but then are just as numerous as these. 

The iron wire no longer gives its longitudinal sound, but a 
sound whose pitch corresponds to the number of interruptions (in a 
given time); this is equivalent to saying the wire reproduces the 
sound conveyed to the interrupter. The intensity also of this 
sound is proportional to that of the original one, for in proportion 
as this is more intense the motions of the membrane are greater; 
the motions of the hammer also, and finally the time during which 
the circuit is broken is greater, and consequently, to a certain ex- 
tent, the motions of the atoms in the reproducing wire are greater, 
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we perceiving them as greater vibrations, in just the same way as 
we would have perceived the original sound wave. 

As the length of the conducting wire can undoubtedly be made 
as great as in direct telegraphy, I have called my instrument 
telephone. 

Now, in reference to the capabilities of the telephone, it may be 
stated that I was enabled to render audible to the members of a 
large assembly (the Physical Society at Frankfort-a-M.), melodies 
which were sung not very loud into the apparatus in another house 
three hundred feet away, with closed doors. 

Other experiments showed that the sounding wire was capable 
of reproducing complete chords of three notes of a piano, upon 
which the telephone was placed, and that it reproduces equally well 
the sound of other instruments —accordion, clarinet, horn, organ, 
pipes, etc., provided that the sounds are within the compass F- . 

Of course, in all experiments sufficient precautions were taken to 
insure that there was no direct conduction of sound. This is very 
easily done by making a momentary short circuit immediately in 
front of the coil, by which means its action is temporarily inter- 
rupted. 

Hitherto it has not been possible to reproduce human speech 
with a distinctness sufficient for every one. The consonants are for 
the most part reproduced pretty distinctly, but the vowels as 
yet not in an equal degree. The cause of this I will attempt to ex- 
plain. 

According to the experiments of Willis, Helmholtz and others, 
vowel sounds can be produced artificially, if the vibrations of one 
body are from time to time augmented by those of another, some- 
what as follows: 

An elastic wheel is set in vibration by the blow of a tooth on a 
toothed wheel ; the first vibration is the greatest, and each subse- 
-quent one is smaller than the preceding. 


2 — 


If to vibrations of this kind (the spring not coming to rest in the 
meantime) the blow of a new tooth is added, the following vibration 
will be again a maximum, and so on. 

The pitch of a sound produced in this way depends upon the 


number of vibrations in a given time, but the character of the sound 
upon the number of intensifications in the same time. Two vowels 
having the same pitch would differ in about the way represented by 
the curves (Figs. 1, 2), while the same sound without any vowel 
character would be represented by the curve (Fig. 3). 
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Our organs of speech probably produce the vowels in the same 
manner, through the combined action of the upper and lower vocal 
chords, or of these latter and the cavity of the mouth. 

My apparatus reproduces the number of vibrations, but with an 
intensity much less than that of the original ones; but still, as I 
have reason to believe, to a certain degree proportional among them- 
selves. But in the case of these generally small vibrations the dif- 
ference between large and small vibrations is more difficult to per- 
ceive than in the case of the original waves, and the vowel is, there- 
fore, more or less indistinct. | 

Whether or not my views as tothe curves corresponding to 
sound combinations are correct could perhaps be decided by means 
of the new phonautograph of Duhamel. 

(“ Vierordt Physiology,” page 254.) 


It may be that for the practical application of the telephone 
much remains to be done; for physics it has already sufficient in- 
terest, from the fact that it opens a new field for research. 


Friedrichsdorf, near Frankfort, a. X., December, 1861. 
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A Lrorunx, entitled Researches in Electric Telephony, by Professor 
Alexander Graham Bell, delivered before the Society of Tele- 
graph Engineers, October 31st, 1877. Published by the 
Society, and edited by Lieut. Col. Frank Bolton, C.E., Hon. 
Secretary, and William Edward Langdon, Acting Secretary. 
London: E. & F. N.. Spon, 46, Charing Cross. New York : 
446 Broome street. 1878. 


ExrTracts OF PROCEEDINGS OF THE SoOcrETY oF TELEGRAPH ENGINEERS. 


Special General Meeting, held at 25, Great George street, West- 
minster, on Wednesday, the 3lst October, 1877, Professor Abel, 
C.B., F. R. S., President, in the Chair. 


Tne Pnramxxr: Gentlemen, the Council of the Society of Tele- 
graph Engineers felt that they were sure of doing what the members 
would consider right in summoning a special meeting for the two- 
fold purpose of giving a welcome to Professor Bell to this country, 
and affording the members an opportunity of hearing from him an 
account, which he has been so good as to promise to give us, of the 
nature, history, and development of what may well be called one of 
the most interesting discoveries of our age. Our time is very pre- 
cious this evening. We all desire to hear everything Professor Bell 
can tell us on this subject, and many gentlemen will probably de- 
sire afterwards to ask questions or discuss the subject, for I see pres- 
ent a great number of eminent scientific men. I will not waste an- 
other moment, but at once call upon Professor Bell to commence 
his discourse on the Electric Telephone. 


RESEARCHES IN ELEctric TELEPHONY. 


(By Professor Alexander Graham Bell.) 


Proressor BELL: Mr. President, and Gentlemen of the Society of 
Telegraph Engineers, It is to-night my pleasure as well as duty to 


give you some account of the telephonic researches in which I have 
been so long engaged. Many years ago my attention was directed 
to the mechanism of speech by my father, Alexander Melville Bell, 
of Edinburgh, who has made a life-long study of the subject. Many 
of those present may recollect the invention by my father of a means 
of representing, in a wonderfully accurate manner, the positions of 
the vocal organs in forming sounds. Together we carried on quite 
a number of experiments, seeking todiscover the correct mechanism 
of English and foreign elements of speech ; and I remember espe- 
cially an investigation in which we were engaged concerning the 
musical relations of vowel sounds. When vowel sounds are whis- 
pered each vowel seems to possess a particular pitch of its own, and 
by whispering certain vowels in succession a musical scale can be 
distinctly perceived. Our aim was to determine the natural pitch 
of each vowel, but unexpected difficulties made their appearance, 
for many of the vowels seemed to possess a double pitch ; one due, 
probably, to the resonance of the air in the mouth, and the other to. 
the resonance of the air contained in the cavity behind the tongue, 
comprehending the pharynx and larynx. 

I hit upon an expedient for determining the pitch which at that 
time I thought to be original with myself. It consisted in vibrat- 
ing a tuning-fork in front of the mouth while the positions of the 
vocal organs for the various vowel sounds were silently taken. It 
was found that each vowel position caused the reinforcement of 
some particular fork or forks. 

I wrote an account of these researches to Mr. Alex. J. Ellis, of 
London, whom I have very great pleasure in seeing here to-night. 
In reply he informed me that the experiments related had already 
been performed by Helmholtz, and in a much more perfect manner 
than I had done. Indeed, he said that Helmholtz had not only 
analyzed the vowel sounds into their constituent musical elements, 
but had actually performed the synthesis of them. 

He had succeeded in producing, artificially, certain of the vowel 
sounds by causing tuning-forks of different pitch to vibrate simul- 
taneously by means of an electric current. Mr. Ellis was kind 
enough to grant me an interview for the purpose of explaining the 
apparatus employed by Helmholtz in producing these extraordinary 
effects, and I spent the greater part of a delightful day with him 
in investigating the subject. At that time, however, I was too 
slightly acquainted with the laws of electricity fully to understand 
the explanations given ; but the interview had the effect of arousing 
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my interest in the subjects of sound and electricity, and I did not 
rest until I had obtained possession of a copy of Helmholtz’ great 
work, and had attempted, in a crude and imperfect manner it is 
true, to reproduce his results. While reflecting upon the possibil- 
ities of the production of sound by electrical means, it struck me 
that the principle of vibrating a tuning-fork by the intermittent 
attraction of an electro-magnet might be applied to the electrical 
production of music. 

I imagined to myself a series of tuning-forks of different pitches, 
arranged to vibrate automatically in the manner shown by Helm- 
holtz, each fork interrupting at every vibration a voltaic current ; 
and the thought occurred, “ Why should not the depression of a 
key like that of a piano direct the interrupted current from any one 
of these forks, through a telegraph wire, to a series of electro-mag- 
nets operating the strings of a piano or other musical instrument, 
in which case a person might play the tuning-fork piano in one 
place and the music be audible from the electro-magnetic piano in 
a distant city ?” 

The more I reflected upon this arrangement the more feasible 
did it seem to me; indeed, I saw no reason why the depression of 
a number of keys at the tuning-fork end of the circuit should not 
be followed by the audible production of a full chord from the piano 
in the distant city, each tuning-fork affecting at the receiving end 
that string of the piano with which it was in unison. At this time 
the interest which I felt in electricity led me to study the various 
systems of telegraphy in use in this country and in America. I was 
much struck with the simplicity of the Morse alphabet, and with the 
fact that it could be. read by sound. Instead of having dots and 
dashes recorded upon paper, the operators were in the habit of ob- 
serving the duration of the click of the instruments, and in this way 
were enabled to distinguish by ear the various signals. 

It struck me that in a similar manner the duration of a musical 
note might be made to represent the dot or dash of the telegraph 
code, so that a person might operate one of the keys of the tuning- 
fork piano referred to above, and the duration of the sound pro- 
ceeding from the corresponding string of the distant piano be ob- 
served by an operator stationed there. It seemed to me that in this 
way a number of distinct telegraph messages might be sent simul- 
taneously from the tuning-fork piano to the other end of the cir- 
cuit, by operators each manipulating a different key of the instru- 
ment. These messages would be read by operators stationed at the 


distant piano, each receiving operator listening for signals of a cer- 
tain definite pitch, and ignoring all others. In this way could be 
accomplished the simultaneous transmission of a number of tele- 
graphic messages along a single wire, the number being limited only 
by the delicacy of the listener’s ear. The idea of increasing the 
carrying power of a telegraph wire in this way took complete pos- 
session of my mind, and it was this practical end that I had in view 
when I commenced my researches in Electric Telephony. 

In the progress of science it is universally found that com- 
- plexity leads to simplicity, and in narrating the history of scientific 
research it is often advisable to begin at the end. 

In glancing back over my own researches, I find it necessary to 
designate, by distinct names, a variety of electrical currents by 
means of which sounds can be produced, and I shall direct your 
attention to several distinct species of what may be termed “ tele- 
phonic currents of electricity. In order that the peculiarities of 
these currents may be clearly understood, I shall ask Mr. Frost to 
project upon the screen a graphical illustration of the different 
varieties. 

The graphical method of representing electrical currents here 
shown is the best means I have been able to devise of studying in 
an accurate manner the effects produced by various forms of tele- 
phonic apparatus, and it has led me to the conception of that 
peculiar species of telephonic current here designated as undulatory, 
which has rendered feasible the artificial production of articulate 
speech by electrical means. 
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Fig. 1. 


A horizontal line (9 91) is taken as the zero of current, and 
impulses of positive electricity are represented above the zero line, 
and negative impulses below it, or vice versa. 

The vertical thickness of any electrical impulse (5 or d), 
measured from the zero line, BRE S| a a 
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current at the point observed, and the horizontal extension of the 
electric line (6 or d) indicates the duration of the impulse. 

Nine varieties of telephonic currents may be distinguished, but 
it will only be necessary to show you six of these. The three 
primary varieties designated as “intermittent,” “pulsatory,” and 
“ undulatory,” are represented in lines 1, 2, and 3. 

Sub-varieties of these can be distinguished as “direct” or 
“reversed” currents according as the electrical impulses are all of 
one kind or are alternately positive and negative. “ 3 
currents may still further be distinguished as positive 

“negative,” according as the impulses are of one kind or of the 
other. 

An intermittent current is characterized by the alternate 
presence and absence of electricity upon the circuit, 

A pulsatory current results from sudden or instantaneous 
changes in the intensity of a continuous current; and 

An undulatory current is a current of electricity, the intensity of 
which varies in a manner proportional to the velocity of the motion 
of a particle of air during the production of a sound ; thus the curve 
representing graphically the undulatory current for a simple musical 
tone is the curve expressive of a simple pendulous vibration—that 
is, a sinusoidal curve. 

: Positive intermittent current. 

Negative 

8 Reversed “ “ 

4 Positi 

5 im = — 

6 Reversed ‘“ “x 

. 7 Posi 

Direct. 2 —— undulatory current. 
— 9 Reversed ‘“ * 
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And here I may remark that, although the conception of the un- 
dulatory current of electricity is entirely original with myself, meth- 
ods of producing sound by means of intermittent and pulsatory 
currents have long been known. For instance, it was long since 
discovered that an electro-magnet gives forth a decided sound when 
it is suddenly magnetized or demagnetized. When the circuit upon 
which it is placed is rapidly made and broken a succession of ex- 
plosive noises proceeds from the magnet. These sounds produce 


upon the ear the effect of a musical note when the current is inter- 
rupted a sufficient number of times per second. The discovery of 
“galvanic music” by Page, in 1837, led inquirers in different parts 
of the world almost simultaneously to enter into the field of tele- 
phonic research ; and the acoustical effects produced by magnetiza- 
tion were carefully studied by Marrian, Beatson, Gassiot, De La 
Rive, Matteucci, Guillemin, Wertheim, Wartmann, Janniar, Joule, 
Laborde, Legat, Reis, Poggendorff, Du Moncel, Delezenne and 
others. It should also be mentioned that Gore obtained loud musi- 
cal notes from mercury, accompanied by singularly beautiful crispa- 
tions of the surface during the course of experiments in electrolysis ; 
Page produced musical tones from Trevelyan’s bars by the action of 
the galvanic current; and further, it was discovered by Sullivan 
that a current of electricity is generated by the vibration of a wire 
composed partly of one metal and partly of another. The current 
was produced so long as the wire emitted a musical note, but 
stopped immediately upon the cessation of the sound. 

For several years my attention was almost exclusively directed 
to the production of an instrument for making and breaking a vol- 
taic circuit with extreme rapidity, to take the place of the transmit- 
ting tuning-fork used in Helmholtz’s researches. I will not trouble 
you with the description of all the various forms of apparatus that 
were devised, but will merely direct your attention to one of the 
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best of them, shown in figure 2. In the transmitting instrument T, 
a steel reed a is employed, which is kept in continuous vibration by 
the action of an electro-magnet ¢ and local battery. In the course 
of its vibration the reed strikes alternately against two fixed points 


DEFENDANTS EXHIBITS. 

m, I, and thus completes alternately a local and a main circuit. 
When the key K is depressed an intermittent current from the main 
battery B is directed to the line-wire W, and passes through the 
electro-magnet E of a receiving instrument R at the distant end of 
the circuit, and thence to the ground G. The steel reed A is placed 
in front of the receiving magnet, and when its normal rate of vibra- 
tion is the same as the reed of the transmitting instrument it is 
thrown into powerful vibration, emitting a musical tone of a similar 
pitch to that produced by the reed of the transmitting instrument ; 
but if it is normally of a different pitch it remains silent. 

A glance at Figs. 3, 4 and 5 will show the arrangement of such 
instruments upon a telegraphic circuit, designed to enable a num- 
ber of telegraphic despatches to be transmitted simultaneously along 
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the same wire. The transmitters and receivers that are numbered 
alike have the same pitch or rate of vibration. Thus the reed of 
Ti is in unison with the reeds TI and Rl at all the stations upon the 
circuit, so that a telegraphic despatch sent by the manipulation of 
the key KI at the station shown in Fig. 3 will be received upon the 
receiving instruments K' at all the other stations upon the circuit. 
Without going into details, I shall merely say that the great defects 
of this plan of multiple telegraphy were found to consist, firstly, in 
the fact that the receiving operators were required to possess a good 
musical ear in order to discriminate the signals; and secondly, that 
the signals could only pass in one direction along the line (so that 
two wires would be necessary in order to complete communication 
in both directions). The first objection was got over by employing 
the device which I term a “ vibratory circuit breaker,” shown in the 
next diagram, whereby musical signals can be automatically re- 
corded. 

Fig. 6 shows a receiving instrument R, with a vibratory circuit 
breaker v attached. The light spring lever v overlaps the free end 
of the steel reed A, and normally closes a local circuit, in which 
may be placed a Morse sounder or other telegraphic apparatus. 
When the reed A is thrown into vibration by the passage of-a 
musical signal, the spring arm v is thrown upwards, opening the 
local circuit at the point 5. When the spring-arm v is so arranged 


as to have normally a much slower rate of vibration than the reed 
Al, the local circuit is found to remain permanently open during 
the vibration of A, the spring arm v coming into contact with the 
point 5 only upon the cessation of the receiver's vibration. Thus 
the signals produced by the vibration of the reed A are reproduced 
upon an ordinary telegraphic instrument in the local circuit. 

Fig. 7 shows the application of electric telephony to autographic 
telegraphy. 


T. T!, &c., represent the reeds of transmitting instruments of 
different pitch, R, RI, &., the receivers at the distant station of 
corresponding pitch, and r, 11, &c., the vibratory circuit breakers at- 
tached to the receiving instruments, and connected ‘with metallic 
bristles, 21, resting upon chemically prepapared paper P. The 
message or picture, to be copied, is written upon a metallic surface, 
F o, with non-metallic ink, and placed upon a metallic cylinder 7, 
connected with the main battery B; and the chemically prepared 
paper P, upon which the message is to be received, is placed upon a 
metallic cylinder connected with the local battery B at the receiv- 
ing station. When the cylinder at either end of the circuit are ro- 
tated in the direction of the arrows—but not necessarily at the 
same rate of speed—a fac-simile of whatever is written or drawn 
upon the metallic surface Fo appears upon the chemically prepared 

per P. 
* The method by means of which the musical signals may be gent 
simultaneously in both directions along the same circuit is shown 
in our next illustration, figures 8,9, and 10. The arrangement is 
similar to that shown in figures 3, 4 and 5, excepting that the inter- 
mittent current from the transmitting instrument is passed through 
the primary wires of an induction coil, and the receiving instru- 
ments are placed in circuit with the secondary wire. In this way 
free earth communication is secured at either end of the circuit, and 


ee 4 
6 


a , ' 
reel * 
*. P ** Fogle 


640 DEFENDANTS’ EXHIBITS. 


the musical signals produced by the manipulation of any key are 
received at all the stations upon the line. The great objection to 
this plan is the extreme complication of the parts and the necessity 
of employing local and main batteries at every station. It was 
also found by practical experiment that it was difficult, if not im- 
possible, upon either of the plans here shown, to transmit simulta- 
neously the number of musical tones that theory showed to be 
feasible. Mature consideration revealed the fact that this difficulty 
lay in the nature of the electrical current employed, and was finally 
obviated by the invention of the undulatory current. 7 

It is à strange fact that important inventions are often made al- 
most simultaneously by different persons in different parts of the 
world, and the idea of multiple telegraphy as developed in the pre- 
ceding diagrams seems to have occurred independently to no less 
than four other inventors in America and Europe. Even the de- 
tails of the arrangement upon circuit—shown in figures 3, 4, 5, and 
8, 9, 10—are extremely similar in the plans proposed by Mr. Crom- 
well Varley of London, Mr. Elisha Gray of Chicago, Mr. Paul La 
Cour of Copenhagen, and Mr. Thomas Edison of Newark, New Jer- 
sey. Into the question of priority of invention, of course, it is not 
my intention to go to-night. 

That the difficulty in the use of an intermittent current may be 
more clearly understood, I shall ask you to accompany me in my 
explanation of the effect produced when two musical signals of dif- 
ferent pitch are simultaneously directed along the same circuit. 
Fig. 11 shows an arrangement whereby the reeds a a! of two trans- 
mitting instruments are caused to interrupt the current from the 
same battery B. We shall suppose the musical interval between the 
two reeds to be a major third, in which case their vibrations are in 
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the ratio of 4 to 5, i. e., 4 vibrations of a are made in the same time 
as 5 vibrations of a1. A* and B? represent the intermittent currents 


Fig; l. 


produced, 4 impulses of B? being made in the same time as 5 im- 
pulses of Ar. The line A? + B? represents the resultant effect upon 
the main line when the reeds à and a! are simultaneously caused to 
make and break the same circuit, and from the illustration you will 
perceive that the resultant current, whilst retaining a uniform in- 
tensity, is less interrupted when both reeds are in operation than 
when one alone is employed. By carrying your thoughts still fur- 
ther you will understand that when a large number of reeds of dif- 
ferent pitch or of different rates of vibration are simultaneously 
making and breaking the same circuit the resultant effect upon the 
main line is practically equivalent to one continuous current. 

It will also be understood that the maximum number of musical 
signals that can be simultaneously directed along a single wire with- 
out conflict depends very much upon the ratio which the make 
bears to the “ break,” the shorter the contact made, and the longer 
the break, the greater the number of signals that can be transmitted 
without confusion, and vice versa. The apparatus by means of 
which this theoretical conclusion has been verified is here to-night, 
and consists of an ordinary parlour harmoniun, the reeds of which 
are operated by wind in the usual manner. In front of each reed 
is arranged a metal screw, against which the reed strikes in the 
course ofits vibration. By adjusting the screw the duration of the 
contact can be made long or short. The reeds are connected with 
one pole of a battery, and the screws against which they strike com- 
municate with the line-wire, so that intermittent impulses from the 
battery are transmitted along the line-wire during the vibration of 
the reeds. 


We now proceed to the next illustration. Without entering into 


the details of the calculation you will see that with a pulsatory cur- 
rent the effect of transmitting musical signals simultaneously is 
nearly equivalent to a continuous current of minimum intensity— 
see A*+B?, Fig. 12; but when undulatory currents are employed the 
effect is different—see Fig. 13. The current from the battery B is 


thrown into waves by the inductive action of iron or steel reeds M, 
Mi, vibrated in front of electro-magnets e ei, placed in circuit with 
the battery; A* and B? represent the undulations caused in the 
current by the vibration of the magnetized bodies, and it will be 
seen that there are four undulations of B* in the same time as five 
undulations of A*. The resultant effect upon the main line is ex- 
pressed by the curve AB, which is the algebraical sum of the 
sinusoidal curves A? and B*. A similar effect is produced when 
reversed undulatory currents are employed as shown in Fig. 14, 
where the current is produced by the vibration of permanent mag- 
nets M M' in front of electro-magnets (e ei), united upon a circuit 
without a voltiac battery. It will be understood from Figs. 13 and 


14 that the effect of transmitting musical signals of different pitches _ 
simultaneously along a single wire is not to obliterate the vibratory 
character of the current as in the case of intermittent and pulsatory 
currents, but to change the shapes of the electrical undulations. In 
fact, the effect produced upon the current is precisely analogous to 
the effect produced in the air by the vibration of the inducing bodies 
IMI. Hence it should be possible to transmit as many musical 
tones simultaneously through a telegraph wire as through the air. 
The possibility of using undulatory currents for the purposes of 
multiple telegraphy enabled me to dispense entirely with the com- 
arrangements of the circuit shown in Figs. 3, 4, 5 and 8, 9, 


plicated 

10, and to employ a single battery for the whole circuit, retaining 
only the receiving instruments formerly shown. This arrangement 
is represented in Figs. 15,16 and 17. Upon vibrating the steel reed 
of a receiver BR, Ri, at any station, by any mechanical means, the 
corresponding reeds at all the other stations are thrown into vibra- 


tion, reproducing the signal. By attaching the steel reeds to the 
poles of a powerful permanent magnet, as shown in Fig. 19, the sig- 
nals can be produced without the aid of a battery. 

I have formerly stated that Helmholtz was enabled to produce 
vowel soonds artificially by combining musical tones of different 
pitches and intensities. His apparatus is shown in Fig. 18. Tuning- 


Fig. 18° 


forks of different pitch are placed between the poles of electro- 
magnets (al, a“, &c.) and are kept in continuous vibration by the 
action of an intermittent current from the fork 6. Resonators 1, 2, 3, 
&c., are arranged so as to reinforce the sounds, in a greater cr less 
degree, according as the exterior orifices are enlarged or con- 
tracted. 

Thus it will be seen that upon Helmholtz’s plan the tuning-forks 
themselves produce tones of uniform intensity, the loudness being 
varied by an external reinforcement; but it struck me that the 
same results would be obtained, and in a much more perfect man- 
ner, by causing the tuning-forks themselves to vibrate with different 
degrees ofamplitude. I therefore devised the apparatus shown in 
Fig. 19, which was my first form of articulating telephone. In this 
figure a harp of steel rods is employed attached to the poles of a 
a permanent magnet N.S. When any one of the rods is 
thrown into vibration an undulatory current is produced in the coils 
of the electro-magnet E and the electro-magnet Ei attracts the rods 
of the harp H' with a varying force, throwing into vibration that rod 
which is in unison with that vibrated at the other end of the circuit. 


* 
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Not only so, but the amplitude of vibration in the one will deter- 
mine the amplitude of vibration in the other, for the intensity of 
the induced current is determined by the amplitude of the induc- 
ing vibration, and the amplitude of the vibration at 
the receiving end depends upon the intensity of the 
attractive impulses. When we sing into a piano, certain 
of the strings of the instrument are set in vibration 
sympathetically by the action of the voice with different degrees of 
amplitude, and a sound, which is an approximation to the vowel 
uttered, is produced from the piano. Theory shows that had the piano 
a very much larger number of strings to the octave, the vowel sounds 
would be pecfectly reproduced. My idea of the action of the ap- 


paratus shown in fig. 19 was this: Utter a sound in the neighbor- 
hood of the harp H and certain ofthe rods would be thrown into 
vibration with different amplitudes. At the other end of the circuit 
the corresponding rods of the one would vibrate with their 


proper relations of force, and the timbre of the sound would be re- 
produced. The expense of constructing such an apparatus as that 
shown in Fig.19 deterred me from making the attempt, and I 
sought to simplify the apparatus before venturing to have it 
made. 

I have before alluded to the invention by my father of a system 
of physiological symbols for representing the action of the vocal 
organs, and I have been invited by the Boston Board of Education 
to conduct a series of experiments with the system in the Boston 
school for the deaf and dumb. It is well known that deaf mutes 
are dumb merely because they are deaf, and that there is no defect 
in their vocal organs to incapacitate them from utterance. Hence 
it was thought that my father’s system of pictorial symbols, popu- 
larly known as visible speech, might prove a means whereby we 
could teach the deaf and dumb to use their vocal organs and to 
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speak. The great success of these experiments urged upon me the 
advisability of devising methods of exhibiting the vibrations of 


sound optically, for use in teaching the deaf and dumb. For some 
time I carried on experiments with the manometric capsule of 
Koenig, and with the phonautograph of Leon Scott. The scientific 
apparatus in the Institute of Technology in Boston was freely placed 
at my disposal for these experiments, and it hapened that at that 
time a student of the Institute of Technology, Mr. Maurey, had in- 
vented an improvement upon the phonautograph. He had suc- 
ceeded in vibrating by the voice a stylus of wood about a foot in 
length, which was attached to the membrane of the phonautograph, 
and in this way he had been enabled to obtain enlarged tracings 
upon a plane surface of smoked glass. With this apparatus I suc- 
ceeded in producing very beautiful tracings of the vibrations of the 
air for vowel sounds. Some of these tracings are shown in Fig. 20. 
I was much struck with this improved form of apparatus, and it 


#ig. 20. 


occurred to me that there was a remarkable likeness between the man- 
ner in which this piece of wood was vibrated by the membrane of 
the phonautngraph and the manner in which the ossicule of the 
human ear was moved by the tympanic membrane, I determined 
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therefore to construct a phonautograph modeled still more closely 
upon the mechanism of the human ear, and for this purpose I sought 
the assistance of a distinguished aurist in Boston, Dr. Clarence J. 
Blake. He suggested the use of the human ear itself as a phonau- 
tograph, instead of making an artificial imitation of it. The idea 
was novel and struck me accordingly, and I requested my friend to 
prepare a specimen for me, which he did. The apparatus, as finally 
constructed, is shown in Fig. 21. The stapes was removed and a 


stylus of hay about an inch in length was attached to the end af 
the incus. Upon moistening the membrana-tympani and the 
ossicule with a mixture of glycerine and water, the necessary mobil- 
ity of the parts was obtained ; and upon singing into the external 
artificial ear the stylus of hay was thrown into vibration, and trac- 
ings were obtained upon a plane surface of smoked glass passed 
rapidly underneath. While engaged in these experiments I was 
struck with the remarkable disproportion in weight between the 
membrane and the bones that were vibrated by it. It occurred to 
me that if a membrane as thin as tissue paper could control the 
vibration of bones that were, compared to it, of immense size and 
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weight, why should nota larger and thicker membrane be able to 
vibrate a piece of iron in front of an electro-magnet, in which case 
the complication of steel rods: shown in my first form of telephone, 
Fig. 19, could be done away with, and a simple piece of iron at- 
tached to a membrane be placed at either end of the telegraphic 
circuit. 

Fig. 22 shows the form of apparatus that I was then employing 
for producing undulatory currents of electricity for the purposes of 
multiple telegraphy. A steel reed A was clamped firmly by one ex- 
tremity to the uncovered leg à of an electro-magnet E, and the free . 
end of the reed projected above the covered leg. When the reed A 
was vibrated in any mechanical way, the battery current was thrown 
into waves, and electrical undulations traversed the circuit B, E, W, 
Ei, throwing into vibration the corresponding reed Al at the other end 
of the circuit. I immediately proceeded to put my new idea to the 
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test of practical experiment, and for this purpose I attached the reed 
A (Fig. 23), loosely by one extremity to the uncovered pole I of the 
magnet, and fastened the other extremity to the centre of a stretched 


Fig. 23. 


membrane of goldbeaters’ skin n. I presumed that upon speaking 
in the neighborhood of the membrane n it would be thrown into vibra- 
tion and cause the steel reed A to move in a similar manner, occa- 
sioning undulations in the electrical current that would correspond 
to the changes in the density of the air during the production of the 
sound ; and I further thought that the change of the intensity of the 
current at the receiving end would cause the magnet there to attract 
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the reed A! in such a manner that it should copy the motion of the 
reed A, in which case its movements would occasion a sound from 
the membrane n' similar in timbre to that which had occasoned the 
original vibration. 

The results, however, were unsatisfactary and discouragaing. 
My friend Mr. Thomas A. Watson, who assisted me in this first ex- 
periment, declared that he heard a faint sound proceed from the 
telephone at his end of the circuit, but I was unable to verify his 
assertion. After many experiments attended by the same only par 
tially successful results, I determined to reduce the size and weight 
of the spring as much as possible. For this purpose I glued a piece 
of clock spring about the size and shape of my thumb nail, firmly to 
the centre of the diaphragm, and had a similar instrument at the 
other end (Fig. 24); we were then enabled to obtain distinctly audi- 
ble effects. I remember an experiment made with this telephone, 


which at the time gave me great satisfaction and delight. One of 
the telephones was placed in my lecture-room in the Boston Univer- 
sity, and the other in the basement of the adjoining building. One 
of my students repaired to the distant telephone to observe the 
effects of articulate speech, while I uttered the sentence, “ Do you 
understand what I say ?” into the telephone placed in the lecture- 
hall. To my delight an answer was returned through the instrument 
itself, articulate sounds proceeded from the steel spring attached to 
the membrane, and I heard the sentence, “ Yes, I understand you 
perfectly.” It is a mistake, however, to suppose that the articula- 
tion was by any means perfect, and expectancy no doubt had a great 
deal to do with my recognition of the sentence ; still, the articulation 
was there, and I recognized the fact that the indistinctness was en- 
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tirely due to the imperfection of the instrument. I will not trouble 
you by detailing the various stages through which the apparatus 
passed, but shall merely say that after a time I produced the form 
of instrument shown in Fig. 25, which served very well as a receiv- 
ing telephone. In this condition my invention was exhibited at the 
Centennial Exhibition in Philadelphia. The telephone shown in 
Fig. 24 was used as a transmitting instrument, and that in Fig. 25 as 
a receiver, so that vocal communication was only established in one 
direction. 

Another form of transmitting telephone exhibited in Philadelphia, 
intended for use with the receiving telephone (Fig. 25), is repre- 
sented by Fig. 26. 

A platinum wire attached to a stretched membrane completed 
a voltaic circuit by dipping into water. Upon speaking to the 
membrane, articulate sounds proceeded from the telephone in the 
distant room. The sounds produced by the telephone became 
louder when dilute sulphuric acid, or a saturated solution of salt, 
was substituted for the water. Audible effects were also produced 
by the vibration of plumbago in mercury, in a solution of bichrom- 
mate of potash, in salt and water, in dilute sulphuric acid, and in 
pure water. 

The articulation produced from the instrument shown in Fig. 25 
was remarkably distinct, but its great defect consisted in the fact 
that it could not be used as a transmitting instrument, and thus 
two telephones were required at each station, one for transmitting 
and one for receiving spoken messages. 


Fig. 28. 


It was determined to vary the construction of the telephone 
shown in Fig. 24, and I sought, by changing the size and tension of 
the membrane, the diameter and thickness of the steel spring, the 
size and power of the magnet, and the coils of insulated wire around 
their poles, to discover empirically the exact effect of each element 
of the combination, and thus to deduce a more perfect form of ap- 
paratus. It was found that a marked increase in the loudness of 
the sounds resulted from shortening the length of the coils of wire, 
and by enlarging the iron diaphragm which was glued to the mem- 
brane. In the latter case, also, the distinctness of the articulation 
was improved. Finally, the membrane of goldbeater's skin was dis- 
carded entirely, and a simple iron plate was used instead, and at 
once intelligible articulation was obtained. The new form of in- 
strument is that shown in Fig. 27, and, as had been long antici- 
pated, it was proved that the only use of the battery was to mag- 
netise the iron core of the magnet, for the effects were equally au- 
dible when the battery was omitted and a rod of magnetized steel 
substituted for the iron core of the magnet. 

It was my original intention, as shown in Fig. 19, and it was 
always claimed by me, that the final form of telephone would be 
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operated by permanent magnets in place of batteries, and numerous 
experiments have been carried on by Mr. Watson and myself pri- 
vately for the purpose of producing this effect. 

At the time the instruments were first exhibited in public the 
results obtained with permanent magnets were not merely so strik- 
ing as when a voltaic battery was employed ; wherefore we thought 
it best to exhibit only the latter form of instrument. 

The interest excited by the first published accounts of the op- 
eration of the telephone led many persons to investigate the sub- 
ject, and I doubt not that numbers of experimenters have inde- 
pendently discovered that permanent magnets might be employed 
instead of voltaic batteries. Indeed, one gentleman, Professor 
Dolbear, of Tuft’s College, not only claims to have discovered the 
magneto-electric telephone, but,-I understand, charges me with 
having obtained the idea from him through the medium of a mutual 
friend. 

A still more powerful form of apparatus was constructed by 
using a powerful compound horse-shoe magnet in place of the 
straight rod which had been previously used (see Fig. 28). Indeed 


the sounds produced by means of this instrument were of sufficient 
loudness to be faintly audible to a large audience, and in this con- 
dition the instrument was exhibited in the Essex Institute in Salem, 
Massachusetts, on the 12th February, 1877, on which occasion a 
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short speech shouted into a similar telephone in Boston, sixteen 
miles away, was heard by the audience in Salem. The tones of the 
speakers voice were distinctly audible to an audience of 600 
people, but the articulation was only distinct at a distance of about 
six feet. On the same occasion, also, a report of the lecture was 


Fig. 2. 


transmitted by word of mouth from Salem to Boston, and pub- 
lished in the papers the next morning. 

From the form of telephone shown in Fig. 27 to the present form 
of the instrument (Fig. 29) is but a step. It is in fact the arrange- 
ment of Fig. 27 in a portable form, the magnet F H being placed 
inside the handle, and a more convenient form of mouthpiece pro- 
vided. The arrangement of these instruments upon a telegraphic 
circuit is shown in Fig. 30. 
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And here I wish to express my indebtedness to several scientific 
friends in America for their co-operation and assistance. I would 
especially mention Professor Peirce and Professor Blake, of Brown 
University; Dr. Channing, Mr. Clarke and Mr. Jones. In Provi- 
dence, Rhode Island, these gentlemen have been carrying on to- 


7 gether experiments seeking to perfect the form of apparatus re- 


quired, and I am happy to record the fact that they communicated 


656 DEFENDANTS EXHIBITS. 


to me each new discovery as it was made, and every new step in 
their investigation. It was, of course, almost inevitable that these 
gentlemen should retrace much of the ground that had been gone 
over by me, and so it has happened that many of their discoveries had 
been anticipated by my own researches ; still the very honorable way 
in which they from time to time placed before me the results of 
their discoveries entitles them to my warmest thanks and to my 
highest esteem. It was always my belief that a certain ratio would 
be found between the several parts of a telephone, and that the size 
of the instrument was immaterial ; but Professor Peirce was the first 
to demonstrate the extreme smallness of the magnets which might 
be employed. And here,in order to show the parallel lines in which 
we were working, I may mention the fact that two or three days 
after I had constructed a telephone of the portable form (Fig. 29), 
containing the magnet inside the handle, Dr. Channing was kind 
enough to send me a pair of telephones of a similar pattern, which 
had been invented by the Providence experimenters. The conve- 
nient form of mouthpiece shown in Fig. 29, now adopted by me, was 
invented solely by my friend Professor Peirce. I must also express 
my obligations to my friend and associate, Mr. Thomas A. Watson, 
of Salem, Massachusetts, who has for two years past given me his 
personal assistance in carrying on my researches. 

In pursuing my investigations I have ever had one end in view, 
the practical improvement of electric telegraphy ; but I have come 
across many facts which, while having no direct bearing upon the 
subject of telegraphy, may yet possess an interest for you. 

For instance, I have found that a musical tone proceeds from a 
piece of plumbago or retort carbon when an intermittent current of 
electricity is passed through it; and I have observed the most curi- 
ous audible effects produced by the passage of reversed intermittent 
currents through the human body. A rheotome was placed in cir- 
cuit with the primary wires of an induction coil, and the fine wires 
were connected with two strips of brass. One of these strips was 
held closely against the ear and a loud sound proceeded from it 
whenever the other slip was touched with the other hand. The strips 
of brass were next held one in each hand. The induced currents 
occasioned a muscular tremor in the fingers. Upon placing my 
forefinger to my ear a loud crackling noise was audible, seemingly 
proceeding from the finger itself. A friend who was present placed 
my finger to his ear, but heard nothing. I requested him to hold the 
strips himself. He was then distinctly conscious of a noise (which 
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I was unable to perceive) proceeding from his finger. In this case 
a portion of the induced currents passed through the head of the 
observer when he placed his ear against his own finger; and it is 
possible that the sound was occasioned by a vibration of the sur- 
face of the ear. and finger in contact. 

When two persons receive a shock from a Ruhmkorff coil by 
clasping hands, each taking hold of one wire of the coil with the 
free hand, a sound proceeds from the clasped hands. The effect is 
not produced when the hands are moist. When either of the two 
touches the body of the other a loud sound comes from the parts in 
contact. When the arm of one is placed against the arm of the 
other, the noise produced can be heard at a distance of several feet. 
In all these cases a slight shock is experienced so long as the con- 
tact is preserved. The introduction of a piece of paper between 
the parts in contact does not materially interfere with the pro- 
duction of the sounds, but the unpleasant effects of the shock are 
avoided. 

When an intermittent current from a Ruhmkorff coil is passed 
through the arms, a musical note can be perceived when the ear is 
closely applied to the arm of the person experimented upon. 
The sound seems to proceed from the muscles of the forearm 
and from the biceps muscle. Mr. Elisha Gray has also produced 
audible effects by the passage of electricity through the human 
body. 

An extremely loud musical note is occasioned by the spark of a 
Ruhmkorff coil, when the primary circuit is made and broken with 
sufficient rapidity ; when two rheotomes of different pitch are caused 
simultaneously to open and close the primary circuit a double tone 
proceeds from the spark. 

A curious discovery, which may be of interest to you, has been 
made by Professor Blake. He constructed a telephone in which a 
rod of soft iron, about six feet in length, was used instead of a per- 
manent magnet. A friend sang a continuous musical tone into the 
mouthpiece of a telephone, like that shown in Fig. 29, which was 
connected with the soft iron instrument alluded to above. It was 
found that the loudness of the sound produced in this telephone 
varied with the direction in which the iron rod was held, and that 
the maximum effect was produced when the rod was in the position 
of the dipping needle. This curious discovery of Professor Blake 
has been verified by myself. 

When a telephone is placed in circuit with a telegraph line, the 


658 DEFENDANTS EXHIBITS. 


telephone is found seemingly to emit sounds on its own account. 
The most extraordinary noises are often produced, the causes of 
which are at present very obscure. One class of sounds is produced 
by the inductive influence of neighboring wires and by leakage from 
them, the signals of the Morse alphabet passing over neighboring 
wires being audible in the telephone, and another class can 
be traced to earth currents upon the wire, a curious modification 
of this sound revealing the presence of defective joints in the 
wire. 

Professor Blake informs me that he has been able to use the 
railroad track for conversational purposes in place of a telegraph 
wire, and he further states that when only one telephone was con- 
nected with the track the sounds of Morse operating were distinctly 
audible in the telephone, although the nearest telegraph wires were 
at least forty feet distant. 

Professor Peirce has observed the most curious sounds produced 
from a telephone in connection with a telegraph wire during the 
aurora borealis; and I have just heard of a curious phenomenon 
lately observed by Dr. Channing. In the City of Providence, Rhode 
Island, there is an over-house wire about one mile in extent with a 
telephone at either end. On one occasion the sound of music and 
singing was faintly audible in one of the telephones. It seemed as 
if some one were practicing vocal music with a piano-forte accom- 
paniment. The natural supposition was that experiments were 
being made with the telephone at the other end of the circuit, but 
upon inquiry this proved not to have been the case. Attention 
having thus been directed to the phenomenon, a watch was kept 
upon the instruments, and upon a subsequent occasion the same 
fact was observed at both ends of the line by Dr. Channing and his 
friends. It was proved that the sounds continued for about two 
hours, and usually commenced about the same time. A searching 
examination of the line disclosed nothing abnormal in its condition, 
and I am unable to give you any explanation of this curious phe- 
nomenon. Dr. Channing has, however, addressed a letter upon 
the subject to the editor of one of the Providence papers, giving 
the names of such songs as were recognized, with full details 
of the observations, in the hope that publicity may lead to the 
discovery of the performer, and thus afford a solution of the 
mystery. | 

My friend, Mr. Frederick A. Gower, communicated to me a cu- 
rious observation made by him regarding the slight earth connection 


required to establish a circuit for the telephone, and together we 
carried on a series of experiments with rather startling results. We 
took a couple of telephones and an insulated wire about 100 yards 
in length into a garden, and were enabled to carry on conversation 
with the greatest ease when we held in our hands what should have 
been the earth wire, so that the connection with the ground was 
formed at either end through our bodies, our feet being clothed with 
cotton socks and leather boots. The day was fine, and the grass 
upon which we stood was perfectly dry. Upon standing upon a 
gravel walk the vocal sounds, though much diminished, were still 
perfectly intelligible, and the same result occurred when standing 
upon a brick wall one foot in height, but no sound was audible when 
one of us stood upon a block of freestone. 

One experiment which we made is so very interesting that I must 
speak of it in detail. Mr. Gower made earth connection at his end 
of the line by standing upon a grass plot, whilst at the other end of 
the line I stood upon a wooden board. I requested Mr. Gower to 
sing a continuous musical note, and to my surprise the sound was 
very distinctly audible from the telephone in my hand. Upon exam- 
ining my feet I discovered that a single blade of grass was bent over 
the edge of the board, and that my foot touched it. The removal of 
this blade of grass was followed by the cessation of the sound from 
the telephone, and I found that the moment I touched with the toe 
of my boot a blade of grass or the petal of a daisy the sound was 
again audible. 

The question will naturally arise, Through what length of wire 
can the telephone be used? In reply to this I may say that the 
maximum amount of resistance through which the undulatory cur- 
rent will pass, and yet retain sufficient force to produce an audible 
sound at the distant end, has yet to be determined ; no difficulty 
has, however, been experienced in laboratory experiments in con- 
versing through a resistance of 60,000 ohms, which has been the 
maximum at my disposal. On one occasion, not having a rheostat 
at hand, I may mention having passed the current through the 
bodies of sixteen persons, who stood hand in hand. The longest 
length of real telegraph line through which I have attempted to 
converse has been about 250 miles. On this occasion no difficulty 
was experienced so long as parallel lines were not in operation. 
Sunday was chosen as the day on which it was probable other cir- 
cuits would be at rest. Conversation was carried on between my- 
self, in New York, and Mr. Thomas A. Watson, in Boston, until the 
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opening of business upon the other wires. When this happened the 
vocal sounds were very much diminished, but still audible. It 
seemed, indeed, like talking through astorm. Conversation, though 
possible, could be carried on with difficulty, owing to the distracting 
nature of the interfering currents. | 

Iam informed by my friend Mr. Preece that conversation has 
been successfully carried on through a submarine cable, sixty miles 
in length, extending from Dartmouth to the Island of Guernsey, by 
means of hand telephones similar to that shown in Fig. 30. 
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Demande d'un brevet d' invention de quinze ans, pris le 25 mars 1857. 
No. 31,470, pour: Procédé au moyen duque! ou peut écrire 
et dessiner par le son (acoustique), multiplier graphique- 
ment les résultats obtenus et en faire des applications 
industrielles, par Mr. Scott. 


| Memorre DEScRIPTIPF. 


Le procédé que j ai inventé consiste à fixer un style simple ou 
composé vers le centre d’une membrane mince placée à Textrömit é 
d’un conduit acoustique quelconque. 

Ce style affleure légérement une substance sensible aux plus 
légers frottements, comme une couche de noir de fumée, par 


exemple, substance déposée sur un verre, un métal ou méme une 
feuille de papier ou d'étoffe. 

La couche sensible passe sous le style avec une vitesse réguliére 
et déterminée, connue cela se pratique dans les expériences 
ordinares d’acoustique. 

Le style trace, quand on parle, qu'on chante ou qu'on joue d' un 
instrument en présence du conduit acoustiqne, des figures ou des 
dessins en rapport avec les sons produits. 

Je fixe ensuite cette nouvelle graphie par une immersion dans 
un carbure liquide, suivre d'un bain dans de l'eau albumineuse. 

Je tire aussi directement des épreuves dites, “négatives” ou 
indirectement des épreuves “ positives par la photographie ou le 

rt sur pierre, etc. 

A laide de ce procédé et des piéces de rechange du phonauto- 
graphe, fig. 2, je recueille la trace acoustique de la parole a 
distance, du chant de la voix et de différents instruments, fig. 3. 

Je me propose d’appliquer mon procédé a la construction d'un 
instrument diviseur, à celle d'un accordeur mathématique de tous 
les instruments, d'un sténographe de la voix et des instruments à 
l'étude de conditions de sonorité de diverses substances, et à 
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produire des dessins industriels pour broderies, filigranes, 
bijouterie, etc. 

La fig. 1, indique nettement le procédé danssa plus grande 
simplicité, procédé qui est & peu prés indépendant du nombre des 
membranes minces, de leur grandeur, de la forme et des dimensions 
du conduit sur lequel elles sont appliquées, du mode de suspension 
du phonautographe et de la nature du moteur qui imprime la 
vitesse à la couche sensible. 3 

La grandeur de mes appareils est indéterminée, o est-à-dire 
qu'elle s’étend dans les limites de vibration des membranes. 

Néanmoins, pour fixer les idées, la fig. 1 peut étre supposée de 
grandeur uaturelle. 

m, fig. 1, est une membrane (de caoutchouc mince, de bandruche, 
de vessie ou de papier préparé), qui recoit l’impression des vibra- 
tions et ondulations du courant sonore amené par le tuyau acoustique. 
Cette membrane, qui dans certaines applications de la phonauto- 
graphie peut-étre placée perpendiculairement à l’axe du conduit, est 
oblique dans mes dispositions, afin de s’impressioner des ondes dites 
e d’inflexion.” 

a est un anneau tendeur, mobile, supposé appliqué à toutes les 
membranes du phonautographe et qui sert à leur donner le degré 
de tension voulu: 

d est le directeur du style; c’est un petit cylindre de matiére 
trés-légére, perforé suivant son axe et collé & la membrane. II est 
destiné 4 recevoir le style et a le maintenir dans une direction fixe 
et déterminée. - 

Le style simple ou composé écrit les mouvements de la 
membrane sur la conche sensible mobile. 

La couche sensible est formée de noir de fumée ou d'une autre 
substance colorante déposée par volutilisation sur un papier, une 
étoffe ou une plaque de métal ou de verre. 

L'infundibulum, fig. 2, présente diverses formes, selon le but 
spécial qu'on se propose: Ainsi on peut recueillir des sons forts ou 
faibles, proches ou un peu plus éloignés, obtenir l’écriture, la sténo- 
graphie du chant ou la production de dessins. 

L’éxtrémité inférieure de chaque infundibulum est armée d'une 
membrane, perforée ou non selon les cas, qui s approche ou s éloigne 
de lorifice de l’infundibulum au moyen d'un tirage, et peut ainsi 
étre située ou non sur un ventre ou un nœud de vibration. 

A, est une piéce composée, qui est la méme pour les différents 
infundibulums, piéce tronc conique ou cylindrique, elliptique, et 
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formée de tubes recuvrants, d'un second tirage et d'une membrane 
avec son anneau et son style, membrane analogue de la fenétre 
ovale de l’ouié. 

Le tirage de cette piéce, réglé par une vis graduée, est destiné a 
comprimer l'air entre les membranes, si elles ne sont pas perforées, 
et à régler la longueur du tuyau pour les sons graves ou aigus 
propres aux différents instruments. 

B, caisse à air ou caisse du tympan pour augmenter Tintensité 
des sons et la sensibilité des membranes pour les sons faibles ou 
éloignés. . 

Dans cette figure, les tirages, au nombre de trois, agissent dans 
des limites étendues et font varier, selon le besoin, la capacité 
intérieure de l'instrument et sa longueur. 

T, tirages appliqués a des parties cylindriques ou faiblement 
coniques, et qui doivent étre, autant que faire se peut, imperméables 
à lair. Ils s’opérent par glissement de surfaces polies les unes sur 
les autres et sont régiés par une vis de graduation. 

Dans la fig. 3 on voit que la couche sensible passe sous le style 
mis en mouvement par l' action d'une trompette à distance, avec une 
vitesse déterminée par le mouvement d'une pendule et que rend 
uniforme un moteur emprunte a Thorlogerie ou a lélectricité, 
moteur qui nest pas représenté dans la figure. 


Demande d'un certificat d’addition, en date du 29 juillet 1859, au 
brevet d' invention de quinze ans, pris le 25 mars 1857, 
No. 31,470, pour: Procédé au moyen du quel on peut écrire 
et dessiner par le son (acoustique), multiplier graphiquement 
les résultats obtenuset en faire des applications industrielles, 
par Mr. Scott. 


MeEmorreE DESCRIPTIF. 


Par la phonautographie, on se propose d’obtenir facilement une 
impression correcte des mouvements rapides et spécialement des 
mouvements vibratoires qui s'accomplissent dans Lair et qui sont 
produits par des agents quelconques, mécaniques, physiques ou 
physiologiques, et entre autres par les instruments d’acoustique, de 
musique, ou méme les voix. 

Le brevet d' invention repose essentiellement sur trois moyens 


qui, soit séparément, soit par leur réunion, sont |’ame des divers 
appareils dont se compose la phonautographie. 

Ces trois moyens sont: 

1°. Lapplication d'un style sur une membrane place a 
l’éxtrémité d'un conduit dont les formes peuvent varier selon l'objet 
spécial qu on a en vise. 

2°. L’emploi d'un style souple, d'origine animale ou végétale, et 
composé d' une ou plusieurs parties. 

3°. La fixation, au moyen d'un ou de plusieurs bains chimiques, 
du tracé obtenu sur un papier ou tissu revétu d'une couche d'un 
noir de lampe spécial. 

J'insiste sur ce point que ces moyens constituent trois applica- 
tions qu’on peut faire aux sciences et aux arts isolément ou 
combinées deux & deux. 

Par exemple, le style peut étre adapté à un étre ou à un objet 
en mouvement pour inscrire sur la couche sensible ses déplacements 
et les mesurer, ou bien sur des moteurs ou des mécanismes trés- 
variés. 

La fixation du noir de lampe impressionné permet de conserver 
la trace des mouvements d’agents animés ou inanimés et des dessins 
naturels tellement subtile qu on n’aurait pu se les procurer autre- 
ment. 

Ces trois moyens réunis, et appropriés par différentes disposi- 
tions à la nature des phénoménes qu'on se propose d'enregistrer, 
suffisent pour obtenir une image graphique, fidéle et détaillée d'un 
trés-grand nombre de phénoménes produits dans air qui nous 
environne. 

On concevra sans peine combien il est curieux, au point de vue 
de la science, de conserver la représentation exacte des phases par 
lesquelles passe un phénoméne qu'on avait cru simple pendant un 
intervalle de temps insaisissable à nos sens par sa briéveté, quelques 
milliémes de seconde seulement. 

La phonautographie, par exemple, met aux mains des physiciens 
et des physiologistes un diagramme naturel des états successifs ou 
simultanés des corps qui sont la cause primitive de nos 
sensations. 

La plupart de ces mouvements sont si délicats et si rapides, que 
leur inscription sur une couche sensible présentait les plus grandes 
difficultés. 

Le frottement du pinceau le plus léger en marque entiérement 
la loi. : 
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Jai donc da adopter en phonotographie un style ferme et souple 
à la fois, sans poids appréciable, complétement différent sous ce 
rapport du style métallique employé par Monsieur Wertheim pour 
écrire les vibrations des solides. 

Le style phonautographique à pointe trée-fixe, marque, par une 
sorte de balayage; sa trace sur une couche mince de noir de lampe 
produite par une huile spéciale et déposée par voie de sublimation. 
Etant suspendy a l'état semi-fluide, ce noir na presque aucun 
adhérence avec le papier ou tissu qui l’arréte pendant son 
ascension. 

Limage phonautographique aussitot formée est fixée par le procédé 
décrit dans le brevet et plus spécialement ci-dessous. Elle peut 
etre ensuite multipliée, s’il y a lieu, par les moyens connus. 

J’avais appliqué un moteur & mouvement uniforme pour com- 
muniquer un va-et-vient progressif et régulier à cette couche. 

Jai reconnu que depuis, pour un trés-grand nombre d' applica- 
tions, ou pouvait se contenter du mouvement continu d'un cylindre 
mu par une vis en hélice sa vangant dans une écrou fixe. 

Cette disposition est employée dans les cours de physique. 

L’expérimentateur est dispensé de l’uniformité de mouvement de 
la couche sensible; il lui suffit alors, pour compter le temps ou 
mesurer la durée d'un phénoméne, si court qu'il soit, de faire 
pointer simultanément sur le cylindre en mouvement un chronomètre 
& secondes ou un diapason armé du style souple et étalonné à une 
nombre déterminé de vibrations, par exemple, 1000 ou 500 par 
seconde. 

Jai ajouté depuis la prise du brevet à l’anneau tenseur de la 
membrane une piéce d' abord nommée manche du marteau,” par 
analogie avec une disposition analogue de Torgane de Touis, mais 
que j'appellerai aujourd’hui, pour plus d’exactitude, le subdiviseur 
de la membrane. 

Cette piéce sert 4 déterminer dans la ln des lignes nodales, 
telles qu elles permettent d’écrire un son pour lequel, sans le secours 
de ce dispositif, le style se fat trouvé placé sur un noud de vibration 
de cette membrane. 

Une difficulté grave était à vaincre pour réunir convenablement 
les ondes sonores sur la membrane. Les conduits sont d' autant 
plus impropres a conduire les voix qu ils vibrent plus facilement. 

Dans un tel conduit, une partie notable de la vibration de fluide 
se transforme par voie de communication en vibration de solide, et 
perd ainsi beaucoup de sa force vive initiale. 
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Si méme le conduit est un peu long, la membrane peut demenrer 
presque insensible à un son d'intensité médiocre. Jai donc di 
m’arréter aux conduits faits de matiéres insonores (platre coule ou 
pates solidifiées) et leur donner une certaine épaisseur. 

Le mode de procò ler, pour obtenir des épreuves phonauto- 
graphiques, est trés-simple. On enroule, en la tendant, une bande 
de papier sur le cylindre. On charge ce papier, qui tourne avec 
une vitesse à peu prés uniforme, d'une couche égale, opaque, excessive- 
ment mince, de noir de fumée. 

Vers le centre de la membrane est placé le style, dont l’éxtrémité 
qui trace est tirée d'une plume de certains oiseaux. 

Cette pointe si teinse obéit à tous les mouvements simples ou 
complexes de la membrane. 

Dans cet état, on présente le style au cylindre de la maniére 

qu'il l’effloure tout en restant invariable dans la direction de sa 
lampe. 
On fait entendre le son à Touverture de la cuve ou conduit, la 
membrane entre en vibration, le style suit ses mouvements et son 
extrémité trace sur le cylindre qui décrit une hélice continue les 
figures de la vibration de son produit. Elles en marquent le 
nombre et le timbre. 

Ces figures sont amples quand le son est intense, microscopiques 
s'il est trés-faible, écartées quand il est grave, serrées s'il est aigu, 
d’un dessin régulier et franc si le timbre est pur, inégales et comme 
tremblées sil est mauvais ou voil€é. 

Voici maintenant la série d’expériences intéressantes pour les 
physiciens, les physiologistes, les facteurs d' instruments, les 
amateur de sciences, qu on peut déja exécuter avec l'appareil. 

1°. Ecrire le mouvement vibratoire d'un solide quelconque pour 
servir de terme de comparaison avec les mouvements d'un fluide; 
compter les nombre des vibrations exécutées par ce solide dans 
Tunité de temps au moyen du chronométre pointeur. 

2°. Un diapason ayant, par le moyen de I’expérience précédente, 
été étalonné à un nombre déterminé de vibrations dans l’unité de 
temps (500 a 1,000 par exemple), compter, en les faisant écrire 
simultanément, le nombre de vibrations accomplies par tout agent 
capable de vibrer (solide ou fluide) dans un espace de temps aussi 
court l'on voudra (quelqes millièmes de seconde). 

Exemple: Compter et mesurer les phases diverses d'un bruit et 
les intervalles de temps compris entre des phénoménes sonores 
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rapides et successifs ; éprouver la sonorité relative des métaux, des 
alliages, des bois, eto. 

3°. Ecrire les vibrations produites dans une membrane par un 
ou plusieurs tuyaux sonnant simultanément ; en compter le nombre, 
en montrer les phases; obtenir la figure ou diagramme acoustique 
de chacun des accords et des dissonances ; écrire de méme le haut 
d' instruments à vent quelconques, montrer le timbre propre de ces 
instruments, écrire le mouvement composé résultant des sons de 
deux ou de plusieurs instruments jouant simultanément. 

4°. Ecrire le chant d'une voix, en mesurer |’étendue par le 
chronométre pointeur ou le diapason étalon-pointeur; écrire la 
gamme d'un chanteur; en mesurer la justesse par le diapason 
pointeur, en montrer la pureté ou Tisochromisme des vibrations, 
ainsi que le timbre ; écrire une mélodie et la transcrire & l'aide du 
diapason pointeur, écrire le chant simultané de deux voix et en 
montrer l’accord ou le désaccord. 

5°. Etudier acoustiquement les mouvements physiologiques ou 
patologiques de l'appareil vocal et de ses parties pendant les 
différentes émissions du son, le cri, etc., marquer le timbre propre & 
une voix donnée. 

6°. Etudier la voix articulée, la déclamation; montrer les 
diagrammes syllabiques. 

7°. Inscrire par la réunion du deuxiéme moyen (le style flexible) 
et du troisiéme (la fixation) les mouvements du pendule, du touton 
ou toupie, de Taiguille aimantée, le mode de locomotion d'un 
insecte, etc. 

8°. Ecrire au moyen d'un conduit acoustique de plusieurs 
centaines de métres de longueur des sons ou des signaux produits & 
des distances plus ou moins étendues. 

9°. Ecrire, sans le sccours de conduits, des signaux produits sous 
une eau tranquille à des stations éloignées de plusieurs kilométres. 


1. LE CYLINDRE ET SON MOUVEMENT. 


L’axe du cylindre est en fer. 

L’une de ses extremités est une hélice chariotée en acier. 

L’écrou et le coussinet sont en cuivre. 

Une disposition de Técrou permet de rendre la liberté au 
cylindre pendant Topération du noircissage. Le bati qui le 
supporte est en forte et fixé à vis dans le plateau de chéne qui gert 
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de base & tout l'appareil. Le pas de Thélice permet de faire écrire 
le chronométre ou le diapason dans T'interligne. 

Le cylindre est mũ à la main par une manivelle, disposition qui 
donne le moyen de ralentir ou d’accélérer le mouvement suivant le 
degré de rapidité du tracé à obtenir. 


2. CHRONOMETRE ET SON SUPPORT. 


Le chronométre pointeur employé dans l'appareil et destiné a 
étalonner un son de solide ou de fluide est celui imaginé par M. 
Redier. 

Une pointe préparée pour cet office porte un style souple qui est 
mis en contact avec le cylindre dans l’entreligne du tracé phon- 
autographique. 

Un échappement le reléve pendant une durée de six secondes. 

On obtient ainsi sur chaque bande des sérrés de six secondes ; le 
sixiéme de chacune est le nombre de vibrations exécutées en une 
seconde de temps. 

Le support du chronométre posséde tous les mouvements et 
glisse librement en tous sens sur le plateau qui porte l'appareil. 

On comprendra que tout autre chronométre pointeur ou tout 
autre support pouvait étre employé, est que c’est le pointage méme 
du temps sur le cylindre au moyen d'un chronométre qui fait l’objet 
de la présente addition, 


3. LE DIAPASON POINTEUR ET SON SUPPORT. 


Ce diapason pointeur, étalonné à une nombre de vibrations mutiple 
de 500 à 1,000, par exemple, remplit le méme office que le chrono- 
métre. Seulement, au lieu de compter les secondes, ce sont les 
milliémes de seconde qu il indique en entreligne sur le cylindre. II 
fournit ainsi le moyen de compter les bruits, les sons ou les signaux 
d'une extréme briéveté. II devra étre tenu à une distance de la 
membrane suffisante pour qu'elle ne soit pas influencée par ses 
vibrations. Ce diapason est monté dans un support analogue à celui 
du chronométre. 


4. LA MEMBRANE ET SON APPAREIL DE TENSION. 


La matiére de la membrane peut changer avec le hut qu'on sq 
propose. . 
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On emploie également bien la bandruche, le cautchouc soufilé, 
la vessie, un velin animal, ou méme le collodion. 

Tl est souvent utile, pour leur donner de la sonplesse et remédier 
a Thygroscopicité, d’enduire les membranes de glycérine. 

L’anneau préhenseur de la membrane, que Jerpelle aujourd hui 
“tenseur,” et le directeur du style, que j; appele subdiviseur de la 
membrane,” different en quelques points de ce qui est figuré dans 
le brevet. 

La membrane est amenée a l'état de tension convenable au 
moyen de deux anneaux sur Tun desquels elle est fixée. 

Les deux anneaux se rapprochent ou s’écartent au moyen de vis 
dans les timbales. 

Le subdiviseur de la membrane est fixé a Tanneau inférieur ; il 
se compose d'une petite planchette mobile 4 rainure qui recoit à 
Tun de ses bouts une vis destinée à s’enfoncer plus ou moins dans 
la membrane. 

Cette planchette et son support sont fixés dans la position 
requise au moyen de vis. 

L’anneau qui porte la membrane tourne a frottement sur un 
tuyau court et condé. 

Ce dernier ajustement est destiné à donner à la membrane une 
inclination convenable sur Taxe de tuyau court. 

Ce tuyau glisse lui-méme à frottement dans Toriſice de la cuve 
qui fait face au cylindre. 

On obtient au moyen de ces dispositions toutes les directions 
et les différentes approches du style sans déplacement de la cuve. 


Le style est formé de Terxtrémité de la barbule d'une plume, 
collée sur une hampe non-élastique prise dans la portion médiane 
d'une organe flexible qu on trouve chez certains crustacés, les grosses 
crevettes, par exemple. 

On comprend que l'emploi de ces deux subtances 

nest pas de rigueur et que j ai da indiquer les substances — 
végétale ou animale jouissant des mémes propriétés. } 

La division du style en deux parties de nature différente m'a 
paru trés-importante pour le bon succés des opérations, et j’y insiste 
dans ces certificats. 
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6. CUVE ET SON SUPPORT. 


Cette cuve doit étre, comme je Tai expliqué, d'une une matiére aussi 
insonore que possible et dune certaine 
Ces formes, ainsi que je Tai dit dans le brevet peuvent étre 


varices, afin de s’approprier au but spécial qu on se propose. 


Ainsi elle peut-étre une simple cupule annexée au tuyau court 
de la membrane pour étudier, par exemple, le timbre de la voix et 
Tarticulation; un conduit modelé sur la forme du conduit auditif 
externe de Toreille, pour des études particuliérement physiologique ; 
un vaste cornet acoustique, un paraboloide de révolution, etc. 

La cuve de Tappareil construit est une portion d’ellipsoide de 
révolution coulée en platre stuqué. 

L’orifice qui communique avec la membrane occupe un — 
foyers de l’ellipsoide et agent producteur du son est vers Tau 
foyer situé en avant de la cuve et à Tair libre, ce qui offre — 
de ne pas altérer le timbre comme dans les cas ou le son est produit 
dans la cuve méme. 

Cette cuve a paru trés convenable, en ce sens qu elle s'adapte à 
un grand nombre d' expériences et permet de présenter plusieurs 
instruments devant son entrée. 

Le brevet comprend, néanmoins, tout conduit a l’extrémité 
duquel on peut placer une membrane arinée d' un style. 

Le support de la cuve est coulé en fonte; il se compose d’une 
sorte de crénailliére oblique qui permet d’élever la cuve ou de la 
descendre à volonté. La branche antérieure du support porte une 
vis calante au moyen de laquelle on éléve Toriſice de la cuve 
portant la membrane à la hauteur requise. 


7. LA LAMPE FUMEUSE ET LE NOIR SPECIAL. 


Femploie une lampe sans courant d'air; elle porte une grande et 
large méche plate. 

Le noir de lampe est obtenu par un mélange de deux tiers 
environ d’huile à brüler non épurée et d'un tiers d’huile de résine 
de deuxiéme distillation. | 

Tl faut veiller au bon état de la méche et remuer le mélange a 
chaque opération, car l’huile de résine, plus lourde que Thuile 
ordinaire, se précipite au fond. 

Pour noircir, on fait tourner le cylindre et Yon promène sa lampe 
allumée à 7 ou 8 centimétres au-dessous du papier tendu. 
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8. FIXATION DES EPREUVES. - 


Elle s’obtient par un trempage fait avec pp 
premier bain d’alcohol pur; l’épreuve, ayant regu d 
de fixation et étant séchée, est ensuite enduite a 
solution d'une résine dans l’acohol. 

La sandaraque réussit bien comme fixatif et re. 
avantage l'eau albumineuse. 
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(No. 82. Defendants’ Exhibit from “ Yearly Report of the Physical 
Society of Franxrurt a. M.) 


AUS DER NATUR.—Vol. XXI, page 470. 
J. A. W., Sp. Exr., Dec. 4, 84 


Weber Teleyhonie durch den gafvanifqen Strom. 
Bon Philipp Neis. 


Die überraſchenden Ergebniſſe im Gebiete der Telegraphie haben wohl 
ſchon oft die Frage angeregt, ob es nicht auch moglich fei, die Tonſprache ſelbſt 
direct in die Ferne mitzutbeilen. Die dahin zielenden Verſuche konnten jerod 
bis jetzt ein einigermaßen befriedigendes Reſultat nicht liefern, weil die 
Schwingungen ſchallleitender Medien bald fo ſehr an Intenſität abnehmen, 
daß ſie für unſere Sinne nicht mehr wahrnehmbar ſind. 

An eine Reproduction der Töne in gewiſſen Entfernungen durch 
Hülfe des galvaniſchen Stromes hat man vielleicht gedacht; aber an der prafti- 
ſchen Löſung dieſes Problems haben jedenfalls grade diejenigen am meiſten ges 
zweifelt, welche durch ihre Kenntniſſe und Hülfsmittel befähigt geweſen wären, 
die Aufgabe anzugreifen. — Dem mit der Lehre der Phyſik nur oberflächlich 
Bekannten ſcheint die Aufgabe, wenn er dieſelbe überhaupt kennt, weit weni⸗ 
ger Schwierigkeiten zu bieten, weil er eben die meiſten nicht vorausſieht. So 
hatte auch ich vor etwa 9 Jahren (mit viel Begeiſterung für das Neue und 
nur unzureichenden Kenntniſſen in der Phyſik) die Kühnheit, die erwähnte 
Aufgabe löͤſen zu wollen, mußte aber bald davon abſtehen, weil gleich der erfie 
Verſuch mich von der Unmöglichkeit der Löſung feft überzeugte. 

Später, nach weiteren Studien und manchen Erfahrungen, fab ich wohl 
ein, daß mein erſter Verſuch ein ſehr roher, keineswegs überzeugender geweſen; 
ich griff aber die Frage in der Folge nicht wieder ernſtlich auf, weil ich mich 
den Hinderniſſen des zu betretenden Weges nicht gewachſen fühlte. 

Jugendeincrücke find aber ſtark und daher nicht leicht zu verwiſchen. Ich 

fonnte den Gedanken an jenen Erſtlingsverſuch und ſeine Veranlaſſung trotz 
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aller Einſprache des Verſtandes nicht los werden, und fo wurde denn, halb 
ohne es zu wollen, in mancher Muſeſtunde das Jugendprojett wieder durch⸗ 
genommen, die Schwierigkeiten und die Hülfsmitel zu deren Ueberwindung 
abgewogen und — zum Experiment vorerſt noch nicht geſchritten. 

Wie follte ein einziges Inſtrument die Geſammtwirkungen aller bei der 
menſchlichen Sprache bethitigten Organe zugleich reprodutiren 7 Dieſes war 
immer die Cardinalfrage. Endlich kam ich auf den Einfall, dieſe Frage an⸗ 
ders zu ſtellen: 

Wie nimmt un ſe r Obr die Geſammtſchwingungen aller zugleich thati- 
gen Sprachorgane wahr? Oder allgemeiner genommen: 

Wie nehmen wir die Schwingungen mehrerer zugleich töͤnender Körper 
wahr ? : 

Um dieſe Frage zu beantworten, wollen wir zunächſt ſehen, was ge⸗ 
ſchehen muß, damit wir einen einzelnen Ton wahrnehmen. 

Obne unfer Ohr iſt jeder Ton nichts, als eine in der Setunde mehrere⸗ 
mal (mindeſtens 7—8) wieterbolte Verdichtung und Verdünnung eines Kör⸗ 
pers. Findet dieſes in demſelben Medium ſtatt, in dem wir uns befinden, 
fo wird die Membrane unferes Obres bei jeder Verdichtung nach der Paulen⸗ 
hohle zu gedrängt, um bei der nachfolgenden Bertuͤnnung ſich nach der ent: 
gegengeſetzten Seite zu bewegen. Dieſe Schwingungen bedingen ein mit ters 
ſelben Geſchwindigkeit erfolgendes Aufheben und Niederfallen des Hammers 
auf den Amboß (nad Anderen: Annäherung und Entfernung der Gehör⸗ 
kuöchelatome) und eine ebenſo große Anzahl von Erſchütterungen der 
Schneckenflüͤſſigleit, in welcher der Gehörnerd mit ſeinen Enden ſich ausbreitet. 
Je großer die Verdichtung des ſchallleitenden Mediums in einem gegebenen 
Moment, deſto größer die Schwingungsanplitude der Membrane und des 
Hammers, deſto kräftiger folglich der Schlag auf den Amboß und die Gr. 
ſchütterung der Nerven durch Vermittelung der Flüſſigleit. — 

Die Beſtimmung der Gehörwerkzeuge iſt es demnach, jede in dem fic 
umgebenden Medium entitehende Verdichtung und Verdünnung bis zu dem 
Sehornerd mit Sicherheit zu übermitteln. Die Beſtimmung des Gehör⸗ 
nervs aber, die in gegebener Zeit erfolgten Schwingungen der Materie, ſo⸗ 
wohl der Zahl als der Große nach, zu unſerem Bewußtſein zu bringen. — 
Hier erſt wird gewiſſen Combi ationen ein beſtimmter Name; hier erſt wer⸗ 
den die Schwingungen Töne oder Mißtöne. 

Das vom Gebörnerd Empfundene iſt demnach einfach die zu unſerem 
Bewußtſein gelangende Wirkung einer Kraft, und dieſe läßt ſich nach Daner 
und Große durch eine Curve graphiſch darſtellen: 

Die Linie ab bezeichne uns eine beliebige Zeitdauer und die Curve über 


— 
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der Linie Verdichtung (), die Curve unter der Linie Verdünnung (—), fo 
gibt uns jede am Ende einer Abſeiſſe errichtete Ordinate die Berdichtungsſtärke 


— ———. 


in dem durch ihren Fußpunkt bezeichneten Moment, in Folge deren das 


Trommelfell ſchwingt. 

Etwas mehr, als das durch abulide Curven Darſtellbare kaun unſer 
Obr ſchlechterdings nicht wahrnehmen und geniigt dieſes auch vollkommen, 
um uns jeden Ton und jede Tonverbindung zum klaren Bewußtſein zu 
bringen. 

Wenn mehrere Tone zu gleicher Zeit erzeugt werden, fo ſtebt das ſchall⸗ 
leitende Merium unter dem Einfluſſe mehrerer gleichzeitiger Kräfte und es 
gelten folgende zwei Geſetze: 

Wirken die Kräfte alle in denselben Sinne, fo iſt die Beregungsgröße 
proportional der Summe der Kräſte. Wirken die Kräſte nach entgegen- 
gefepten Nichtungen, fo iſt die Bewegungsgröße proportional der Differenz 
der entgegen wirkenden Kräfte. 

Stellen wir etwa fir drei Tine die Berdichtungs⸗Curve jedes einzelnen 
dar (Taf. L), fo können wir urch Summirung der Ordinatengleicher ASF 
tiſſen neue Orvinaten beſtimmen und eine neue Curve entwidein, welche wir 
Combinations furve nennen wollen. Dieſe gibt uns nun ganz genau an, was 
unjer Ohr von den drei gleichzeitigen Tönen empfindet. Daß ein Mufifer 
vie drei Tone wieder berausfennt, durfte uns dabei ebenſowenig wundern, 
als die Thatſache, daß ein mit der Farbenlehre Vertrauter aus Grün, Blau 
und Gelb wiederſindet; die Combinati onscursen von Taf. I. zeigen aber tiefe 
Schwierigkeit ſehr gering, da in denſelben alle Berhälmiſſe der Componenten 
fuceeffive wiederkehren. Bei Accorden von mehr als drei Tonen (Taf. II.) 
find die Berhaltniffe allerdings in der Zeichnung nicht mehr fo leicht zu 
zu erkennen. Es fallt aber auch dem geũbten Mufifer ſchon ſchwer, in ſolchen 
Accorven die Einzeltöne wieder zu beſtimmen. 

Taf. III. zeigt uns eine Diſſonanz. Warum uns Diſſonanzen gerate 
unangenehm beruͤhren, überlaſſe ich cinftweilen der Anſchauungsweiſe der ge⸗ 
ehrten Lefer, um fpater in einem anderen Aufſatze vielleicht darauf zuruckzu⸗ 
kommen. 

Aus dem Vorhergehenden folgt: 

— • äümüiwirm bU 2 wenn 


fie daſſelbe trifft, Schwingungen des Trommelfells, deren Gang durch eine 


Curve dargeſtellt werden kann. 


674 


aller Einſprache des Verſtandes nicht los werden, und fo wurde denn, halb 
ohne es zu wollen, in mancher Muſeſtunde das Jugendproject wieder durch⸗ 
genommen, die Schwierigkeiten und die Hülfsmitzel zu deren Ueberwindung 
abgewogen und — zum Experiment vorerſt noch nicht geſchritten. 

Wie ſollte ein einziges Inſtrument die Geſammtwirkungen aller bei der 
menſchlichen Sprache bethatigten Organe zugleich reproduciren 7 Dieſes war 
immer die Cardinalfrage. Endlich kam ich auf den Einfall, dieſe Frage an⸗ 
ders zu ſtellen: 

Wie nimmt unſer Obr die Geſammtſchwingungen aller zugleich thäti⸗ 
gen Sprachorgane wahr? Oder allgemeiner genommen: 

Wie nehmen wir die Schwingungen mehrerer zugleich toͤnender Körper 
wahr e 

Um dieſe Frage zu beantworten, wollen wir zunächſt ſehen, was ge⸗ 
ſchehen muß, damit wir einen einzelnen Ton wahrnehmen. 

Ohne unſer Ohr iſt jeder Ton nichts, als eine in der Secunde mehrere⸗ 
mal (mindeſtens 7—8) wiederbolte Verdichtung und Verdünnung eines Kör⸗ 
pers. Findet dieſes in demſelben Medium ſtatt, in dem wir uns befinden, 
fo wird die Membrane unſeres Ohres bei jeder Verdichtung nach der Pauken⸗ 
höhle zu gedrängt, um bei der nachfolgenden Verrünnung ſich nach der ents 
gegengeſetzten Seite zu bewegen. Dieſe Schwingungen bedingen ein mit der⸗ 
ſelben Geſchwindigkeit erfolgendes Aufheben und Niederfallen des Hammers 
auf den Amboß (nach Anderen: Annäherung und Entfernung der Gehör⸗ 
knöchelatome) und eine ebenſo große Anzahl von Erſchütterungen der 
Schneckenflüſſigkeit, in welcher der Gehörnerv mit ſeinen Enden ſich ausbreitet. 
Je größer die Verdichtung des ſchallleitenden Mediums in einem gegebenen 
Moment, deſto größer die Schwingungsamplitude der Membrane und des 
Hammers, deſto kräftiger folglich der Schlag auf den Amboß und die Er. 
ſchütterung der Nerven durch Vermittelung der Fliffigteit. — 

Die Beſtimmung der Gehörwerkzeuge iſt es demnach, jede in dem fic 
umgebenden Medium entſtehende Verdichtung und Verdünnung bis zu dem 
Gehörnerv mit Sicherheit zu übermitteln. Die Beſtimmung des Gehör⸗ 
nervs aber, die in gegebener Zeit erfolgten Schwingungen der Materie, ſo⸗ 
wohl der Zahl als der Große nach, zu unſerem Bewußtſein zu bringen. — 
Hier erſt wird gewiſſen Combi ationen ein beſtimmter Name; hier erſt wer⸗ 
den die Schwingungen Töne oder Miß töne. 

Das vom Gehörnerd Empfundene iſt demnach einfach die zu unferem 
Bewußtſein gelangende Wirkung einer Kraft, und dieſe läßt ſich nach Dauer 
und Große durch eine Curve graphiſch darſtellen: 

Die Linie ab bezeichne uns eine beliebige Zeitdauer und die Curve uber 


— 
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der Linie Verdichtung (+), die Curve unter der Linie Verdünnung (—), fo 
gibt uns jede am Ende einer Abſeiſſe errichtete Ordinate die Berdichtungsſtärke 


Mua 


— G 


in dem durch ihren Fußpunkt bezeichneten Moment, in Folge deren das 
Trommelfell ſchwingt. 

Etwas mehr, als das durch ähnliche Curven Darſtellbare kann unſer 
Ohr ſchlechterdings nicht wahrnehmen und genügt dieſes auch vollkommen, 
um uns jeden Ton und jede Tonverbindung zum klaren Bewußtſein zu 
bringen. 

Wenn mehrere Tone zu gleicher Zeit erzeugt werden, fo. ftebt das ſchall⸗ 
leitende Medium unter dem Einfluſſe mehrerer gleichzeitiger Krafte und es 
gelten folgende zwei Geſetze: 

Wirken die Kräfte alle in demſelben Sinne, fo iſt die Bewegungsgröße 
proportional der Summe der Kräfte. Wirken die Kräfte nach entgegen⸗ 
geſetzten Richtungen, fo ift die Bewegungsgröße proportional der Differenz 
der entgegenwirfenten Kräfte. 

Stellen wir etwa für drei Töne die Berdichtungs⸗Curve jedes einzelnen 
dar (Taf. I), fo können wir turd) Summirung der Ordinatengleicher Abſ⸗ 
ciffen neue Ordinaten beftimmen und eine neue Curve entwickeln, welche wir 
Combinations kurve nennen wollen. Dieſe gibt uns nun ganz genau an, was 
unſer Ohr von den drei gleichzeitigen Tönen empfindet. Daß ein Muſiker 
die drei Töne wieder Herausfennt, durfte uns dabei ebenſowenig wundern, 
als die Thatſache, daß ein mit der Farbenlehre Vertrauter aus Grün, Blau 
und Gelb wiederſindet; die Combinationscurven von Taf. I. zeigen aber tiefe 
Schwierigkeit ſehr gering, da in denſelben alle Verhälmiſſe der Componenten 
fucceffive wiederkehren. Bei Accorden von mehr als drei Tönen (Taf. II.) 
find die Verhältniſſe allerdings in der Zeichnung nicht mehr fo leicht zu 
zu erkennen. Es fällt aber auch dem geũbten Muſiler ſchon ſchwer, in ſolchen 
Accorden die Eingeltdne wieder zu beſtimmen. 

Taf. III zeigt uns eine Diſſonanz. Warum uns Diſſonanzen gerade 
unangenehm berühren, überlaſſe ich einſtweilen der Anſchauungsweiſe der ge- 
ehrten Lefer, um ſpäter in einem anderen Aufſatze vielleicht darauf zuruckzu⸗ 
kommen. 

Aus dem Vorhergehenden folgt: 

1) Jeder Ton und jede Tonverbindung exyeugt in unferem Geher, wenn 
fie daſſelbe trifft, Schwingungen des Trommelfells, deren Gang durch eine 
Curve datgeſtellt werden kann. 
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2) Der Gang dieſer Schwingungen allein bringt in uns den Begriff 
(die Empfindung) des Tones hervor und jede Gangänderung muß den Begriff 
(die Empfindung) ändern. 

Sobald es alſo möglich ſein wird, irgendwo und auf irgend eine Weiſe 
Schwingungen zu erzeugen, deren Curven denjenigen eines beſtimmten Tones 
oder einer Tonverbindung gleich ſind, ſo werden wir denſelben Eindruck haben, 
den der Ton oder die Tonverbindung auf uns gemacht hätte. 

Fußend auf obigen Prinzipien, iſt es mir nun gelungen, einen Apparat 
zu conſtruiren, mit welchem ich im Stanre bin, Tine verſchiedener Inſtru⸗ 
mente, ja bis zu einem gewiſſen Grare die menſchliche Stimme zu reprodu⸗ 
ciren. Derſelbe iſt febr einfach und wird mit Hülfe der Fig. durch Fol endes 
klar erläutert werden: 


An dem Holzwürfel rs tu vw ift die coniſche Höhlung a durch die 
Membrane b (aus Schweinsdünndarm) einerſeits verſchloſſen, auf deren 
Mitte ein ſtromleitendes Streiſchen Platin feſtgekittet iſt. Dieſes ſieht mit 
der Klemme p in Verbindung. Von Klemme n führt ebenfalls ein dünnes 
Metallſtreiſchen über die Mitte der Membrane und endigt hier in ein recht⸗ 
winkelig zu ſeiner Langenare und Breitſeite ſtebendes Platindrähichen. 

Von Klemme p führt ein Leiter durch die Batterie nach einer entfernten 
Station, endigt dort in eine Spirale von mit Seide umſponnenen Kupfer⸗ 
draht, die ihrerſeits in den zur Klemme a führenden Nückleiter mündet. 


Die Spirale der entfernten Station iſt circa 6“ lang, trägt 6 Lagen 
dünnen Draht und nimmt in der Mitte einen Strickdraht als Kern auf, der 
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auf beiden Seiten circa 2“ vorſteht. Mit den vorſtehenden Enden des 
Drahtes ruht die Spirale auf zwei Siegen eines Neſonanzbodens. (Dieſer 
ganze Theil kann natürlich durch jeden Apparat erſetzt werden, mittelit deſſen 
man das bekannte „Tönen durch Galvanismus“ hervorbringt.) 

Werden nun Töne over Ton verbindungen in der Rabe des Würfels fo 
bervorgebracht, daß noch hinreichend ſtarke Wellen in die Oeffnung a treten, 
ſo bringen dieſelben die Membrane b in Schwingungen. Bei der erſten Ver⸗ 
dichtung wird das hammerfoͤrmige Drahiden d zuruͤckgedrängt; bei der Vers 
dünnung fann das ſelbe der zurüͤckſchwin genden Membrane nicht folgen und 
ver durch die Sneifchen gebende Strom bleibt fo lange unterbrochen, bis die 
Membrane, durch eine neue Verdichtung gen ieben, das Streifden (von p) 
wieder an d drängt. In dieſer Weiſe bringt jede Schall welle ein Oeffnen 
und ein Schließen des Stromes hervor. 


Bei jedem Schließen der Keite werden aber in dem Eiſendrahte der ent⸗ 
fernten Spirale die Atome von einander entfernt (Pouillet Müller S. 304 
des 2. B. der 5. Aufl.). Beim Unterbrechen des Stromes fuchen dieſelben 
ihre Gleichgewichtslage wieder zu erreichen. Iſt dies geſchehen, ſo machen 
fie in Folge der Wechſelwirkung von Elaſtizität und Trägheit eine Anzal l 
Schwingungen und geben den Longitudinalton des Stabes. (Siehe wie 
oben.) So verhält es ſich, wenn die Unterbrechungen und Schließun en des 
Stromes verhaltnifmafig langſam vorgenommen werden. Erfolgen dies 
ſelben aber ſchneller auf einander als die durch die Elaſtizität bedingten Oscil⸗ 
lationen des Eiſenkernes, fo können die Atome ihre Babnen nicht voll ſtändig 
durchlaufen. Die zurückgelegten Wege werden um ſo kürzer, je raſcher die 
Unterbrechungen folgen, dafür aber eben fo häuſig, als dieſe. Der Eiſenſtab 
gibt nicht mehr ſeinen Longitudinalton, ſondern einen Ton, deſſen Höhe oder 
Tiefe der Unterbrechungsanzahl (in gegebener Zeit) entſpricht. — Das will 
aber nichts Anderes ſagen, als: der Stab reproducirt den Ton, 
der dem Unterbrechungsapparat zugeführt wurde. — 
Auch die Stärke dieſes Tones ſieht im Verhältniß zum Originalton, denn, je 
ſljäiker dieſer, deſto größer die Bewegungen des Tremmelfells, deſto großer 
vie Bewegung des Hämmerchens, deſto großer endlich die Zein auer, wahrend 
welder die Rette geöffnet bleibt und folglich deſto großer, bis zu einer gewiſſen 
Grenze, die Bewegung der Atome in dem Neproductionsdraht, welche wir als 
großere Schwingung empfinden, ganz fo, wie wir die Originalwelle empfuns 
de. i haben würden. 

Da die Länge des Leitungsdrahtes hierbei jedenfalls ebenſo weit aus⸗ 
gedehnt werden darf, wie bei directer Telegraphie, fo gebe ich meinem Juſtru⸗ 
mente den Namen „Telephon“. 
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Was nun die Leiſtungen des Telephons anbelangt, fo fei bemerkt, daß 
ich damit im Stande war, den Mitgliedern einer zahlreichen Berſammlung 
(des phyſikaliſchen Vereins zu Frankfurt a. M.) Melodien hoͤrbar zu machen, 
welche in einem andern Hauje (circa 300“ entfernt) bei geſchloſſenen Thuͤren 
(nicht ſehr laut) in den Apparat geſungen wurden. 

Andere Verſuche ergaben, daß der toͤnende Stab im Stande iſt, voll⸗ 
ſtäͤndige Dreiklänge eines Claviers, auf dem das Telephon ſteht, zu reprodn⸗ 
tiren, und daß endlich derſelbe ebenſogut die Töne anderer Inſtrumente: Har⸗ 
monifa, Clarinette, Horn, Orgelpfeife ꝛc. wiedergiebt, vorausgeſetzt, daß die 
Tone einer gewiſſen Lage von F—7 circa angehören. 

Daß bei allen Verſuchen hinreichend controlirt wurde, ob directe Schall⸗ 
leitung nicht mit im Spiel, verſteht ſi h von ſelbſt. Es geſchieht dieſe 
Controle ſehr einfach durch zeitweiſe Herſtellung einer guten Nebenſchließung 
unmittelbar vor der Spirale, wodurch natürlich die Wirkſamkeit derſelben 
momentan aufhört. ä 

Es war bis jetzt nicht moglich, die Tonſprache des Menſchen mit einer 
für Jeden hinreichenden Deutlichkeit wiederzugeben. — Die Conſonanten 
werden groͤßtentheils ziemlich deutlich reproducirt, aber die Vofale noch nicht 
im gleichen Grade. Woran dieſes liegt, will ich verſuchen zu erklären. 


Nach Verſuchen von Willis, Helmholz und Andern können Vokaltöne 


künſtlich hervorgebracht werden, indem man die Schwingungen eines Körpers 
zeitweiſe durch die eines anderen verſtärken laßt, etwa nach folgendem Schema: 


Eine elaſtiſche Feder wird durch den Stoß eines Nadzahnes in Schwin⸗ 
gungen verſetzt: die erſte Schwingung iſt die größte. jede andere immer 
kleiner als die ihr vorhergehende (Fig.) 


A —— 


Kommt nach einigen Schwingungen dieſer Art (ohne daß die Feder vorher 
zur Rube kommt) ein neuer Zabnſtoß, fo wird die nächſtfolgende Schwingung 
| wieder eine groͤßte fein und fo fort. 


Die Höhe oder Tiefe des auf dieſe Weiſe erzeugten Tones hängt von 
der Anzahl der in einer gegebenen Zeit gemachten Schwingungen ab; der 
Charakter des Tones aber von der Anzahl der Anſchwellungen (Zahnſtoͤße) in 
derſelben Zeit. — Zwei Vokale würden ſich bei gleicher Tonhöhe etwa auf 


. . * * 
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die durch die Curven (Fig. 1, 2) angedeutete Weiſe unterſcheiden, während 
derſelbe Ton ohne Volalcharakter durch die Curve (Fig. 3) dargeſtellt würde. 


F- J. DNN 


Fig. 3. a — — 


Unſere Sprachorgane erzeugen die Vokale wahrſcheinlich in derſelben 
Weiſe durch combinirte Wirkung der oberen und der unteren Stimmbänder, 
oder dieſer letzteren und der Mundhöhle. 

Mein Apparat gibt nun wohl die Anzahl der Schwingungen, aber mit 
weit geringerer Starke als die der urfpriingliden ; wenn auch, wie ich Urſache 
habe anzunehmen, immer noch bis zu einem gewiſſen Grade proportional 
unter ſich. Jedenfalls iſt aber bei den durchweg kleineren Schwingungen die 
Differenz zwiſchen großen und kleinen viel ſchwerer zu erkennen als bei den 
Originalwellen, und der Vocal daber mehr oder weniger unbeftimmt. 

Ob meine Anſichten in Betreff der den Ton verbindungen entſprechenden 
Curven richtig ſind, dürfte vielleicht mit Hülfe des neuen von Duhamel ange⸗ 
gebenen Phonautographen (Bierordt, Phyfiol. S. 254) entſchieden werden. 

Zur praftifdhen Verwerthung des Telephons diirfte vielleicht noch ſehr 
viel zu thun übrig bleiben. Für die Phyſik hat es aber ſchon dadurch hin⸗ 
reichend Intereſſe, daß es ein neues Arbeitsfeld eröffnet. 


Friedrichsdorf bei Frankfurt a. M. 
im December 1861. 


(For Tafels I, II, & III see pp. 
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1490 Reis publications put in evidence in the case and not 
printed by defendants. 


No. 3. Du Moncel Article. 


In a paper by Du Moncel and published in — Rendus, 
0 26, 1877, he refers to this notice about Bou 's plan, and 
adds: 

Her this may be, the fact cannot be concealed that it is Mr. 
Bel} „ is the inventor of the telephone, for there is a whole world 
bet a first idea and its definite realization. It is simply be- 

ruse Mr. Bell has made the intensity of the currents which 

1? cansmit the vibra.ions of the voice to correspond to the lat- 

d ar in their amplitude and their changes, that the problem 
} m solved. 

. Jahresbericht des Physicalischen Vereins zu Frankfurt am Main 

fur das Rechnungsjahr 1862-1863, p. 35. 

e following papers were 3 in the Saturday session, 

ely, on the 4th of July, 1863, by Ph. Reis, of Friedrichsdorf; 

ansmission of sounds to any requisite distance by means of elec- 

Aity,” the paper being accompanied with an exhibition of an im- 

foved telephone and the performance of experiments with it. 
, (The paper was not printed.) 


— No. 18. British Association on Reis. 
(Put in evidence by defendants.) 
The Newcastle Daily Chronicle and Northern Counties Advertisers. 
SATURDAY, August 29, 1863. 
Sectional meetings. 
( Yesterday.) 


A. Mathematical and physical science. 

President: W. J. Macquorn Rankine, C. E., F. R. S. 

Vice- Presidents: General Sabine, Professor Sylvester, and. W. 
Spottiswoode, E. R. 8. 

Secretaries: Professor Stevelly, LL. D.; Rev. C. T. Whitley, M. A.; 
Professor H. I. S. Smith, M. A., F. R. S.; Professor Fuller, and Rev. 
W. Ferrers. 

Mr. Ladd then exhibited an acoustic telegraph for the transmis- 
sion of musical notes and sounds between distant points, this in- 

nious contrivance being the invention of a schoolmaster at Frank- 
fort, whom Mr. Ladd met with in his travels. By means of this 
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telegraph sounds were transmitted from one end of the table to the 
other, the sounds (which are produced by the principle of vibra- 

tion) being heard fainter than they were utte _Mr. Ladd, how- 
ever, expressed his opinion that distance would not militate against 
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the power of the telegraph to transmit sound. 
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1490 Reis publications put in evidence in the case and not 
printed by defendants. 


No. 3. Du Moncel Article. 


In a paper by Du Moncel and published in Comptes Rendus, 
ote 26, 1877, he refers to this notice about Bourseul’s plan, and 
adds: 

However this may be, the fact cannot be concealed that it is Mr. 
Bell who is the inventor of the telephone, for there is a whole world 
between a first idea and its definite realization. It is simply be- 

cause Mr. Bell has made the intensity of the currents which 
1491 transmit the vibrations of the voice to correspond to the lat- 

ter in their amplitude and their changes, that the problem 
has been solved. | 


No. 16. Jahresbericht des Physicalischen Vereins zu Frankfurt am Main 
fur das Rechnungsjahr 1862-1863, p. 35. 


The following papers were ee in the Saturday session, 
namely, on the 4th of July, 1863, by Ph. Reis, of Friedrichsdorf; 
“ transmission of sounds to any requisite distance by means of elec- 
tricity,” the paper being accompanied with an exhibition of an im- 
proved telephone and the performance of experiments with it. 

(The paper was not printed.) 


No. 18. British Association on Reis. 
(Put in evidence by defendants.) 
The Newcastle Daily Chronicle and Northern Counties Advertisers. 
SATURDAY, August 29, 1863. 
Sectional meetings. 
( Yesterday.) 


_A. Mathematical and physical science. 

President: W. J. Macquorn Rankine, C. E., F. R. 8. 

Vice- Presidents: General Sabine, Professor Sylvester, and. W. 
Spottiswoode, E. R. S. 

Secretaries: Proſessor Stevelly, LL. D.; Rev. C. T. Whitley, M. A.; 
Professor H. I. S. Smith, M. A., F. R. S.; Professor Fuller, and Rev. 
W. Ferrers. 

Mr. Ladd then exhibited an acoustic telegraph for the transmis- 
sion of musical notes and sounds between distant points, this in- 
genious contrivance being the invention of a schoolmaster at Frank- 
fort; whom Mr. Ladd inet with in his travels. By means of this 
telegraph sounds were transmitted from one end of the table to the 
other, the sounds(which are produced by the principle of vibra- 
tion) being heard fainter than they were uttered. Mr. Ladd, how- 
ever, expressed his opinion that distance would not militate against 
ee geese of Se eee to transmit sound. At the same time, 
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— admitted it was of no practical use, but was merely a scien- 
tific toy. 

Professor Stevelly said that Mr. Ladd might be able to talk 
through his telegraph. 

Mr. Jenkyn: He may whistle a tune through it, at any rate. 


1492 No. 28. Clifton’s Description of Reis. 


(Put in evidence by defendants.) 


Proceedings of the Literary and Philosophical Society of Machester. 
Published at Manchester, 1865. 


Physical and mathematical section. 


NoveEMBER 10, 1864. 


— Baxendell, F. R. A. S., president of the section, in the 
chair. 

Professor Clifton exhibited an acoustical electric telegraph by 
which a note, sounded at one end of the line, is reproduced at the 
other end. 

He also pointed out the principles involved in the construction of 


this telegraph, viz : 

First. The production of a sound whenever a current of sufficient 
strength commences to circulate around an electro-magnet, or ceases 
so to circulate. 

Second. The vibration of a stretched membrane in accordance 
with a note sounded near it. 

With respect to the second principle, Professor Clifton drew atten- 
tion to the fact that the researches of MM. Bourget and Bernard, in 

ment with the mathematical investigations of Poisson and M. 
Lamé, show that a given square membrane will not vibrate in ac- 
cord with any note, as stated by Savart. As the same is probably 
true of circular membranes, such as that used in this telegraph, it 
follows that only certain notes are capable of being transmitted by 
one instrument. 


No. 34. Albert’s Catalogue of 1866. 
(Put in evidence by defendants.) 
Catalogue of J. Wilh. Albert, —— at Frank ſort- on- the· Main, 
1866. 
(Extract from preface.) All instruments and apparatus will always 
be constructed according to the lutest designs and improvements. 


In order that the construction may be better understood we have 
— herein references where a description can be found, as fol- 


ows: 
M-P. Miiller-Pouillet’s Lehrbuch der Physik. vi. Auflage. (Other 
books also named.) 


_ _ a 25. — — v — 5 


— — —06.—— — — * 


. for the audible transmission of musical me 
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From body of catalogue: 
- 839. Telephone of Reis for reproduction of tones by electricity 
with description, 21 fl. 

M-P. Fig. 325-327. Pisco, Akustik, Fig. 60,840. The same in 
simpler design, fl. 14. 


1493 No. 40. American Association on Reis. 


Boston Daily Advertiser of Aug. 25, 1869. 
Report of meeting of American Association at Salem. 


Prof. Van der Weyde exhibited the “ aw — an — 
es by means of the 


electric telegraph. The system is fully described in the May number 
of the Architect and Builder. 

The apparatus to accomplish this is called a telephone. By means 
of it the operator at one end of the wire sings or plsys on an instru- 
ment any tune, and it can be heard and plainly distinguished at the 
other end. The exhibition of the instrument excited much interest. 


No. 44. South Kensington on Reis. 
(Put in evidence by defendants.) 


(Title page of the German work.) 


Report of the exhibition of scientific apparatuses in South Kensing- 
ton Museum, London, 1876. Also a complete and descriptive cata- 
logue of the exhibition with vings, ordered by the Royal 
Council of Education. Arranged b Dr. Rudolph Biedermann, 
London, 1877. 


P. 188. Group 6. Sound. 
922. Telephone, after J. Reis, for the reproduction of tones by 
electricity, J. W. Albert, Frankfort-a-M. 
1494 The telephone is based on the experiments of Wertheim 
and others on galvanic sounds. ilip Reis, of Friedrichs- 
dorf, made use of this for the reproduction of musical tones produced 
by singing (wind instruments, etc.) by way of electricity with the aid 
of an elastic membrane and a breaking apparatus constructed b 
him. (Vide annual report of the Physical Society of Frankfort-a-M., 
of 1860-61: also Müller's Lehrbuch der Physick, VII ed., 2d vol., p. 
135.) 
No. 45. Preece on Reis. 


(Put in evidence by defendants.) 


Report of the forty-seventh meeting of the British Association for 
the Advancement of Science, held at Plymouth in August, 1877. 


On the Telephone. By W. H. Preece, Memb. Inst. C. E, ete. 


Philip Reis, of Friedrichsdorf, in 1861, produced the first tele- 
phone which reproduced musical sounds at a distance. He utilized 
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the discovery of Page by causing a vibrating —— oe to rapidly 
make and break a galvanic circuit. The principle of his apparatus 
in shown in Fig. 1 annexed, in which the diagram (5) is a hollow 
wooden box into which the operatur sings through the mouthpiece 
(a). 

Line. 


Pig. 


The sound of his voice throws the diaphragm (c) into rapid vi- 
bration, so as to make and break contact at the platinum points (d) 
at each vibration. This interrupts the current flowing from the 
battery (e) as often as the diaphragm vibrates, and therefore mag- 
netizes and demagnetizes the electro-magnet as often. Hence what- 
ever note be sounded into the box (a) the diaphragm (c) will vibrate 
to the note, and the electro-magnet f will similarly respond, and 
therefore repeat that note. 

Musical sounds vary in tone, in intensity, and in quality. The 
tone depends on the number of vibrations per second only; the in- 
tensity on the amplitude or extent of those vibrations ; the quality 

on the form of the waves made by the vibrating particles of air. 
1495 It is evident that in Reis’s telephone everything at the re- 

ceiving end remains the same, excepting the number of vibra- 
tions, and therefore the sounds emitted - it varied only in tone 
and were therefore notes and nothing more. The instrument re- 
mained a pretty philosophical toy and was of no practical value. 

Cromwell Varley, in 1870, showed how sounds could be produced 
by rapidly charging and discharging a condenser. 


No. 46. Ganot s Description of Reis. 


Ganot’s Elementary Treatise on Physics. 8th edition. Translated 
by E. Atkinson. N. Y., 1877, p. 757. 


Reis’s telephone consists essentially of a membrane which is put 
in vibration by — musical sounds in front of a convenient 


mouthpiece. The apparatus is so arranged that these vibrations 
alternately open and close a current which produces at any distance 
sounds by such an arrangement as the above. 


Dolbear on Reis. 
(Put in evidence by defendants.) 


The Telephone, by Prof. A. E. Dolbear. Boston: Lee & Shepard, 
1877, pp. 99-116. | 


Having treated at some Janeth of the three factors involved in 
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telephony, namely, electricity, magnetism, and sound, it remains to 
follow up the various steps that have led to the actual transmission 
of musical sound and — over an ordinary electric circuit. 

It is stated on p. 31 that when a current of electricity is passed 
through a coil of wire that — a rod of soft iron = 
is made a temporary magnet; it loses its magnetic pro e in- 
stant that the — — If the rod — — size, 
suy a ſoot or more in length and half an inch or more in diameter, 
and the current be strong enough to make a powerful magnet of it, 
whenever the current from the battery is broken the bar may be 
heard to give out a single click. This will happen as often as the 
current is broken. This is occasioned by a molecular movement 

which results in a change of length of the bar. When it is 
1496 made a magnet, it elongates about ter of its length, and, 
when it loses its magnetism, it suddenly ins its a 
length; and this change is accompanied with the sound. This 


sound was first noticed by Professor C. G. Page, of Salem, Mass., in 
1837. If some means be devised for breaking such a circuit more 
than fifteen or sixteen times a second, we shall have a continuous 
sound with a pitch depending upon the number of clicks per second. 
Such a device was first invented by the same man, and was accom- 
plished by fixing the armature of an electro-magnet to a spring 
which was in the circuit when the spring was pressing against a 


metallic knob, at which time the current made the circuit in the 
coil of the electro-magnet. The magnet attracting the armature 
away from the button broke the circuit, which of course destroyed 
the magnetism of the magnet, and allowed the spring to fly back 
aguinst the button to complete the circuit and reproduce the same 
series of changes. The rapidity with which the current may be 
broken in this way is only limited by the strength of both spring 
and current. The greater the tension of the spring with a given 
current the greater number of vibrations will it make. 

Suppose such an intermittent current to pass through the coil sur- 


Fig. 11. 


rounding the soft-iron rod 256 times per second; then the rod 
would evidently give 256 clicks per second, which would have the 
pitch of C. When these clicks are produced in the rod held in the 
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hand the sound is hardly * being like that of a sounding 
tuning-fork when held thus. In order to strengthen it, it is neces- 
to place it on some resonant surface. It is customary to mount 
it upon an oblong box with one or two holes in its upper surface, 
inasmuch as such a form is found to give a louder nse than 
any other, and is the shape usually given to molian — 
1497 The accompanying cut shows the combination of battery B, 
the circuit-breaker, and the rod mounted upon the box. The 
wire W may evidently be of any length, the magnetized rod and 
box responding to the number of vibrations of the spring S, how 
long soever the circuit may be. 


Helmholtz’s electric interrupter. 


In some of Helmholtz’s experiments it was essential to maintain 
the vibrations of a tuning-fork for a considerable time. He effected 
this by placing a short electro-magnet between the prongs of the 
fork, and affixing a platinum point at the end of one prong in such 
a manner that, as the prong descended in its vibration, the platinum 

int dipped into a small cup of mercury that completed the circuit. 
When the prong receded it was of course withdrawn from the mer- 
cury and the current was broken. As it is not possible for a tuning- 
fork to vibrate in more than one period, such an arrangement — 
evidently make and break the current as many times per second as 
the fork vibrated. When, therefore, such an interrupter is inserted 
in the circuit with the click-rod on its resonant box, the latter must 
give out just such a sound as the fork is giving. With such a de- 
vice it is possible to reproduce, at almost any distance in a tele- 
graphic circuit, a sound of a given pitch. It is therefore a true 
telephone. 


Reiss’ telephone. 


The ease with which membranes are thrown into vibrations cor- 
responding in period to that of the sounding body has already been 
alluded to on p. 80, and several attempts have been made at different 
times to make membranes available in telephony. The first of these 
attempts was made by Philip Reiss, of Friedrichsdorf, Germany, in 
1861. 

His apparatus consisted of a hollow box with two apertures—one 
in front, in which was inserted a short tube for producing the sound 
in, and indicated by the arrow in the cut, Fig. 12; the other on the 
top. This was covered with the membrane m, a piece of bladder 
stretched tight over it. Upon the middle of the membrane a thin 
piece of platinum was glued, and this piece of platinum was con- 

: nected by a wire toa screw-cup from which another wire 
1498 went to a battery. 


A platinum finger, S, rested upon the strip of platinum, but was 
made fast at one end to the screw-cup that connected with the other 
wire from the battery. Now, when a sound is made in the box the 
membrane is made to vibrate powerfully. This makes the platinum 
strip to strike as often upon the platinum finger, and as often to 
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bound away from it, thus — and breaking the current the same 
number of times per second. If, then, a person sings into this box 


Fig. 12. 


while it is in circuit with the aforementioned click-rod and box, the 
latter will evidently change its pitch as often as it is changed by the 
voice. In this apparatus we have a telephone with which a melod 
may be reproduced at a distance with distinctness. But the sounds 
are not loud, and they have a tin-trumpet quality. If one reflects 
upon the possibilities of such a mechanism, and upon the conditions 
necessary to produce a sound of any given quality, as that of the 
voice or of a musical instrument as described in preceding pages, he 
will understand that it can reproduce only pitch. It might here be 
inferred that something more than a single pitch is transmitted if 
the sound is like that of a tin trumpet, as stated; but the reason of 
this is that whenever a current is — between two surfaces that 
can move only slightly on each other, there is always an irregularity 
in the conduction, so as to produce a kind of scratching sound, and 
it is this, combined with the other, the true pitch, that gives the 
character to the sound of this instrument. 

Dr. Wright found that a sound of considerable intensity could be 
obtained by passing the interrupted current through the primary 
wire of a small induction coil, and placing a conductor made of two 
sheets of silvered paper placed back to back in the secondary circuit. 
The silvered paper becomes rapidly charged and discharged, mak- 
ing a sound that can be heard over a large hall, and having the 
same pitch as the sending instrument. 


1499 Circuit Court of the nes = Southern District of New 
ork. 


AMERICAN BRL. I. TELEPHONE ComPANny e al. 
7 v8. 
THe MoLeEcuLAR TELEPHONE ComPANy et al. 


Whereas, by a stipulation heretofore made in this cause and printed 
on pages 2 and 3 of the defendants’ printed exhibits, it was agreed 
by clause 5 that evidence taken, or to be taken, in the suit of the same 


plaintiffs against 2 Telephone Company et als., in this court, 
e 


commonly known as t 


“Drawbaugh suit,” should be treated as evi- 
dence in this case ; and : 
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Whereas such evidence has not been formally filed in this case: 
therefore it is that the printed books hereto annexed, au- 
thenticated by the signatures of the counsel for the two parties, shall 
be taken and treated as the evidence, and the whole evidence, stipu- 

lated in from said Drawbaugh case. Said evidence consists 
1500 of depositions of the following witnesses: Alexander Graham 
. Bell, Charles R. Cross (two depositions), A. M. Bell, Thomas 
A. Watson, Clarence J. Blake, Edward L. Wilson, and Park Benja- 
min, and the exhibits therein referred to. 
(Signed) DICKERSON & DICKERSON, 
8 Sol’s for ts. 
(Signed) MILLER, PECKHAM & DIXON, 
Def is Solicitors. 


Endorsed:) U.S. circuit court, southern dist. of N. V. American 

1 Telephone Company vs. The Molecular r Company. 
Stipulation as to record in “Drawbaugh suit.” U. S. circuit court. 
Filed Sept. 15, 1885. Timothy Griffith, clerk. 


1501 Evidence Taken in the Drawbaugh Case & Put into the Molecular 
Case by Stipulation. : 
United States Circuit Court, Southern District of New York. In 


Equity. 
AMERICAN Bett TELEPHONE Co. et al. 


v. 
ProrLE S TELEPHONE Co. et als. 


Evidence for complainants taken pursuant to the sixty-seventh rule 
of the Supreme Court of the United States, in equity, as amended, 
before me, Charles H. Swan, examiner. 


Boston, Feb. 16, 1881. 
Present: James J. Storrow, Esq., of counsel for complainants; Lewis 
Abraham, Esq., of counsel for such defendants as have been served 
with subpoena in this cause, or have heretofore appeared or answered. 


; (Endorsed :) Identified for stipulation. Dickerson & Dickerson, 

sol’rs for compl’ts. Milier, Peckham & Dixon, def’ts’ solicitors. 
(File-mark) U. S. circuit court. Filed Sept. 15, 1885. Timothy 
Griffith, clerk. 


1502 Deposition of Charles R. Cross. 


Direct examination by James J. Storrow, Esq., of counsel for 
complainants : 


Int. 1. State your name, age, residence, and occupation. 

Ans. Charles R. Cross; I am thirty-two years old; I live in Boston, 
and —, professor of physics in the Massachusetts Institute of 
Technology. 

Int. 2. State how long and to what extent you have been 
in the study of the physical sciences, and to what extent, if at all, 


ou have been accustomed to make experiments in the several 
ranches of physics, especially those relating to electricity and 
acoustics. 
Ans. I havebeen an instructor at the Institute of Technology 
1503 during the past ten years, and during that time I have been 
constantly engaged in the study of various branches of 
physics. During the past eight years I have especially investigated 
the subject of acoustics and certain branches of electricity. In the 
prosecution of my studies during this time I have constantly been 
engaged in the experimental study of the subjects mentioned, and 
have been practically familiar with all the apparatus ordinarily 
used by scientific men in the investigation of sound and electricity. 

Int. 3. What attention have you given to the speaking telephone 
and to its principle and mode of operation ? 

Ans. I have been familiar with the rise and development of the 
speaking telephone from its very beginning, having been in frequent 
communication with Professor Bell ever since the winter of 1873-4. 
I am familiar with Mr. Bell’s patents, have investigated with great 
care the theory upon which these patents are based, and am practi- 
cally familiar with the construction and use of the various forms of 
instruments constructed in accordance with said patents. During 
the past two years I have conducted a very extensive series of exper- 
iments relating to the different branches of telephony, in the capacity 
of expert for the Bell Telephone Company. 

Int. 4. State whether or not you have testified as a witness in any 
sases in the courts of the United States upon the principles of the 
invention embodied in patents, and in machines or apparatus? 

Ans. I have done so frequently. 

Int. 5. You say you have been familiar with Mr. Bell’s patents. 
State whether or not among these patents are those which have been 
introduced in evidence in this case, marked “ Exhibit Bell Patent 
No. 174,465,” and Exhibit Bell Patent No. 186,787?” 

Ans. The patents No. 174,465 and No. 186,787 are among those 
which I have had frequent occasion to examine. 

Int. 6. Referring to the patent No. 174,465, will you expiain the 
mode of operation of the — referred to in the fifth claim of 
the patent, explaining, as far as may be necessary, the character of 
sounds, their action upon the apparatus, and the manner in which 
the ——— operates to produce the results.which are ascribed to 
it in the patent? 

Ans. The sensation of sound is produced by the action 
1504 upon the ear of the vibrating particles of air which are set 
into a vibratory, or to-and-fro motion, by the vibrations of 

the sounding body. The primary impulse given by the soundi 
body to those particles of air immediately in contact with it is - 
ually transmitted from particle to particle, in uence of the 
elasticity of the air or other medium through which the sound 
passes. In consequence of the mode of action of the —— of 
the air, the motion originally communicated to the particles of air 
in contact with the sounding body is not transferred instantaneously 
n but, in consequence of their inertia, as the 
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Whereas such evidence has not been formally filed in this case: 
therefore it is — that the printed books annexed, au- 
thenticated by the signatures of the counsel for the two — shall 
be taken and treated as the evidence, and the whole evidence, stipu- 

lated in from said Drawbaugh case. Said evidence consists 

1500 of depositions of the following witnesses: Alexander Graham 

. Bell, Charles R. Cross (two depositions), A. M. Bell, Thomas 

A. Watson, Clarence J. Blake, Edward L. Wilson, and Park Benja- 
min, and the exhibits therein referred to. 

(Signed) DICKERSON & DICKERSON, 


i ae Sols for ts. 
(Signed) MILLER, PECKHAM & DIXON, 
Def ie Solicitors. 


Endorsed:) U. S. circuit court, southern dist. of N. V. American 

1 Telephone Company vs. The Molecular Telephone Company. 
Stipulation as to record in Drawbaugh suit.” US. circuit court. 
Filed Sept. 15, 1885. Timothy Griffith, clerk. 


1501 Evidence Taken in the Drawbaugh Case & Put into the Molecular 
Que by Stipulation. : 
United States Circuit Court, — District of New York. In 
uity. 


AMERICAN BELL. TELEPHONE Co. et al. 


v. 
Por LES TELEPHONE Co. é als. 


Evidence for complainants taken pursuant to the sixty-seventh rule 
of the Supreme Court of the United States, in equity, as amended, 
before me, Charles H. Swan, examiner. 


Boston, Feb. 16, 1881. 
Present: James J. Storrow, Esq., of counsel for complainants; Lewis 

Abraham, Esg., of counsel for such defendants as have been served 

with subpœna in this cause, or have heretofore appeared or answered. 


_ (Endorsed :) Identified for stipulation. Dickerson & Dickerson, 
sol’rs for compl’ts. Milier, Peckham & Dixon, def’ts’ solicitors. 
(File-mark) U. S. circuit court. Filed Sept. 15, 1885. Timothy 


Griffith, clerk. 


1502 Deposition of Charles R. Cross. 


Direct examination by James J. Sronnow. Esq., of counsel for 
complainants: 


Int. 1. State your name, age, residence, and occupation. 

Ans. Charles R. Cross; I am thirty-two years old; I live in Boston, 
and am Thayer professor of physics in the Massachusetts Institute of 
Technology. 

Int. 2. State how long and to what extent you have been engaged 
in the study of the physical sciences, and to what extent, if at all, 


ou have been accustomed to make experiments in the several 
hes of physics, especially those ting to electricity and 
acoustics. 
Ans. I havebeen an instructor at the Institute of Technology 
1503 during the past ten years, and during that time I have been 
constantly engaged in the study of various branches of 
ysics. During the past eight years I have especially investigated 
the subject of acoustics and certain branches of electricity. In the 
prosecution of my studies during this time I have constantly been 
engaged in the experimental study of the subjects mentioned, and 
have been practically familiar with all the apparatus ordinarily 
used by scientific men in the investigation of sound and electricity. 

Int. 3. What attention have you given to the speaking telephone 
and to its principle and mode of operation ? 

Ans. I have been familiar with the rise and development of the 
speaking telephone from its very beginning, having been in frequent 
communication with Professor Bell ever since the winter of 1873-4. 
I am familiar with Mr. Bell’s patents, have investigated with great 
care the theory which these patents are based, and am practi- 
cally familiar with the construction and use of the various forms of 
instruments constructed in accordance with said patents. During 
the past two years I have conducted a very extensive series of exper- 
iments relating to the different branches of telephony, in the capacity 
of expert for the Bell Telephone Company. 

Int. 4. State whether or not you have testified as a witness in any 
zuses in the courts of the United States upon the principles of the 
invention embodied in patents, and in machines or apparatus? 

Ans. I have done so frequently. 

Int. 5. You say you have been familiar with Mr. Bell’s patents. 
State whether or not among these patents are those which have been 
introduced in evidence in this case, marked “ Exhibit Bell Patent 
No. 174,465,” and Exhibit Bell Patent No. 186,787 ?” 

Ans. The patents No. 174,465 and No. 186,787 are among those 
which I have had frequent occasion to examine. 

Int. 6. Referring to the patent No. 174,465, will you explain the 
mode of operation of the a referred to in the fifth claim of 
the patent, explaining, as far as may be necessary, the character of 
sounds, their action upon the apparatus, and the manner in which 
the — operates to produce the results. which are ascribed to 
it in the patent? 

Ans. The sensation of sound is produced by the action 
1504 upon the ear of the vibrating particles of air which are set 
into a vibratory, or to-and-fro motion, by the vibrations of 

the sounding body. The primary impulse given by the soundi 
body to those particles of air immediately in contact with it is - 
ually transmitted from particle to particle, in uence of the 
elasticity of the air or other medium through which the sound 
passes. In consequence of the mode of action of the elasticity of 
the air, the motion originally communicated to the particles of air 
in contact with the sounding body is not transferred instantaneously 
pect opera but, in consequence of their inertia, as the 
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sounding body vibrates to and fro, a similar movement is impressed 
upon one after the other of the particles surrounding it. This to- 
and-fro motion of the vibrating body generates a similar minute to- 
and-fro motion of the air particles, so that they are alternately 
crowded more closely together, and separated more widely from 
each other, thus producing alternate condensations and rarefactions 
in the air. Itis to these alternate condensations and rarefactions 
that the term “sound wave” is given. It will be observed that each 
particle vibrates to and fro in a straight line in the direction in 
which that wave motion is propagated. If we consider that the 
vibration of the air particles is produced immediately by the vibra- 
tion of the sounding body, we see that the motions of the air par- 
ticles must be a perfect copy of the motions of the particles of the 
vibrating body. Such vibrations may differ in three separate ways, 
viz., in the extent of the path of the vibrating particle, in the fre- 
quency of its vibration, and in the character of its vibration. It is 
evident, in the first place, that the vibrating particle may, in its 
to-and-fro motion, traverse a longer or shorter path. Inthe second 
place, it may traverse this path a — or less number of times in 
each second —tliat is, its rate of vibration may differ. In the third 
lace, while traversing its path it may move according to different 
ws of acceleration or retardation of its velocity; for example, its 
acceleration during a part of its course may be, and in some cases is, 
constant, or the rate of acceleration may constantly change, and the 
law of its change may vary in different ways. Tothechangesin motion 
thus caused, what I have called the peculiar character of the vibration 
is due. If we consider these three kinds of variation, in 
1505 their effect upon the senses, we find that variations in the ex- 
tent of the path or amplitude of vibration of the particle 
determine, other — being the same, the loudness of the sound; 
the variations in the frequency of vibration determine the pitch of 
the sound, and variations in the character of the vibration deter- 
mine what is known as the quality, or timbre of the sound. 

In the statements which I have just made I have spoken of the 
motion of a single particle; but it is evident, from the mode of 
transmission of sound, that all of the particles of the air through 
which the sound is conveyed partake of the various characteristics 
of vibration which I have discussed. 

I have used the term “quality or timbre.” Quality is that . 
liarity of a sound by which, independently of its pitch or loudness, 
we are enabled to determine the instrument by which the sound is 
produced; thus, for example, the note of a violin differs from the 
note of a flute in quality, even though the two are the same in pitch 
and loudness. 

It is well known to scientific men that these differences in quality, 
which, as I have said, are due to differences in the character of the 
motions of the vibrating particle, are produced acoustically by the 
combination of a number of separate or ial tones, which can be 
shown to be produced when a particle is in vibration; and which 
partial tones differ in number, in pitch, and in intensity or loud- 
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ness, in accordance with differences in the character of the motion 
of the vibrating air particles. 

The lowest of these partial tones is called the “fundamental,” the 
other and higher notes “overtones.” Hence it is evident that the 
quality of a sound depends upon the relative pitch, intensity, and 
number of partial tones present. In a very few excepti cases 
only the fundamental —— and what is called a simple sound 
is produced. In general, the pitch of a note is determined by the 
fundamental, the overtones determining the quality. These facts, 
constituting what is known as Helmholtz’s Th of Quality, were 
first discovered by the physicist whose name the theory bears. The 
human voice owes its peculiar quality to the presence of great num- 
bers of these partial tones; and very slight changes in the partial 

tones will produce very considerable c in the voice. 
1506 From what I have said thus far, it will be seen that in 

order to reproduce articulate speech, we must be able to re- 
produce, in the air, vibrations which shall all these charac- 
teristics of pitch, intensity and quality; and which shall, moreover, 
possess those same characteristics of pitch, intensity and quality— 
that is, of rate of vibration, amplitude of vibration, and e r 
of vibration, which are possessed by the vibrating particles which 
are set in vibration directly by the organs of If we can 
determine the speed and direction of motion of an air particle at 
each instant, and hence, also, the extent of its path, we can evi- 
dently impress upon it all three of the characteristics that I have 
— ; and hence can produce any desired sound at will. 

In Mr. Bell’s patent, No. 174,465, a method is described by which 
the motions which are produced in the air at one place, the trans- 
mitting station, can be reproduced by an electrical method of inter- 
communication at the receiving station. By means of his invention 
he is able, by the use of certain electrical apparatus, to impress upon 
the particles of air at a distant place, the receiving station, motions 
substantially identical with those which are immediately impressed 
by the voice upon the particles of air at the transmitting station. 

According to the specification, he effects this result by the use of 
the transmitter, which takes up from the air at the transmitting 
station the motions which are impressed upon it by the voice of the 
speaker, and the vibrating portion of which transmitter moves in 
substantial accordance with the movenients of the air icles 
themselves. This transmitter, being connected with a line wire 
joining the two stations between which speech is to be transmitted, 
is enabled, by its electrical connection with that wire, to uce in 
it electrical variations which correspond to and are similar in form 
to the motions of the movable part of the transmitter, and hence to 
the motions of the air particles which have actuated the movable 
part of the transmitter. These electrical variations, in their turn, 
set in motion a — . of a receiving instrument with which 
the line wire is conn , and in their turn produce in this mova- 
ble part of the receiver vibrations corresponding to and similar in 
form to those electrical vibrations by which they are produced, and 
hence to the motions of the air particles at the transmitting 
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1507 station. The movable part of the receiving instrument, thus 
vibrating, impresses upon the air at the receiving station 
vibrations similar in form and corresponding to its own motions. 

The motions thus produced in the air particles at the receiving 
station are therefore evidently similar in form, and correspondent to 
the original vibrations impressed upon the air at the transmitting 
station by the voice of the speaker at that station. This being the 
case, it is evident, from what I have said, that the sound uttered by 
the speaker at the transmitting station will be reproduced at the re- 
ceiving station. 

It appears from these facts that Mr. Bell’s apparatus consists essen- 
tially of a transmitter adapted to take up the vibrations of the air 
at the transmitting station; a line wire connecting the transmitting 
with the receiving station, together with a battery or some other 
form of electrical apparatus which is capable of furnishing a supply 
of electricity, which line wire shall serve to transmit the eiectrical 
variations produced by the transmitter from one station to the other; 
and a receiver which, actuated by the electrical variations thus 
transmitted by the line wire, shall be caused to reproduce the mo- 
tions of the transmitter of the air particles by which that transmitter 
is actuated. It is true that the receiving instrument may not always 
reproduce the vibrations of the air particles at the transmitting 
station in every minute detail, but the instrument is a speaking 
telephone only so far as it is adapted to reproduce those motions 
with substantial fidelity; and its practical construction and re- 
production must be such that these vibrations shall be substantially 
reproduced. 

t is evident that when the transmitter is in operation variations 
in the electrical current may take place in three ways: There may 
be a variation in either the direction of the current, the rate or vio- 
lence of change of the current, and the frequency of change of the 
current; and from these three kinds of variations similar variations 
in the direction, rate, and frequency of change of the motion of the 
movable part of the receiver will result. And hence, from these 
different electrical variations, differences in the quality, intensity, 
and pitch of the sound produced by the receiving instrument will 

follow. Therefore, to reproduce articulate speech or an 
1508 other sound, in all its characters of pitch, intensity, and qual- 

ity, it is necessary that the movable portion of the receiving 
instrument should be constantly under the guidance of, and con- 
trolled by, the movable portion of the transmitting instrument; and 
in case this constant control is not exercised, and in precisely that 
degree in which it ceases to be exercised, the instrument becomes in- 
capable of transmitting articulate speech. 

o form of transmitter which operates by making and breaking 
an electrical circuit can possibly transmit articulate speech, or any 
other sound, in its different characteristics of pitch, intensity, and 
quality, for the reason that ‘the constant control of which I have 
spoken is not exercised in such an instrument. With any circuit- 
breaking instrument the loudness and quality of the sound produced 
at the receiving station are dependent solely upon the physical con- 
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struction and action of the receiving instrument itself, and of the 
battery or other source of electricity by which the transmitter is 
acted upon. The intensity and quality of the sound produced at 

the receiving station are, therefore, with such an instrument, en- 
tirely independent of the intensity and quality of the original sound 
produced at the transmitting station. It is for this reason that an 
instrument of this class, such as, for — the well-known Reis 


instrument, is incapable of transmitting either intensity or quality, 
and hence is incapable of transmitting articulate speech . 

As will be seen, from what I have already said, the Reis transmit- 
ter, or any other transmitter which operates by making and break- 
ing the circuit, is capable of transmitting pitch, and pitch only. 

ere is also another reason which prevents a Reis transmitter, 

or other circuit-breaking instrument, from transmitting articulated 

h; this is the effect of the interruptions of the current, in pro- 

ucing a loud and disagreeable noise in the receiver, which, of 

itself, would be sufficient to overpowerand obliterate those fine shades 
of variation upon which differences in quality depend. 

In fact, this noise is so marked that an ordinary battery transmit- 
ter can be used as a telephonic call by so ting it as to cause it 
to actually make and break the electrical circuit. Under these cir- 
cumstances, the noise which proceeds from the receiving instrument, 

which, when the transmitter is used in a normal and proper 
1509 manner, can be heard only by one close to the instrument, is 


— of being heard throughout a large room. 


Int. 7. You speak of the sound waves and explain the mode in 
which they are produced. Do you understand the actual ex- 
istence of these sound waves has been demonstrated or is accepted 
as a fact by scientific men? 

Ans. The existence of such sound waves has been accepted as a 
fact by scientific men for several hundred years. Within a few 
years past they have been visibly shown to exist by a method which 
demonstrates the existence of alternate condensations and rarefac- 
tions to the eye. 

Int. 8. Has any method of representing such waves been adopted ; 
and, if so, what is it? 

Ans. It is customary among physicists to represent the motions 
of the particles of a sound wave, and also the variations in conden- 
sation and refraction at different points in a sound wave by a graph- 
ical method. I can best illustrate this by reference to a diagram 
which I produce, to be incorporated in my answer. 


The curve in the diagram is what is called a sinusoidal curve, 
such as corresponds to the sound waves produced by a simple sound, 
consisting of a single note without overtones. (Such a sound can 
be produced by a tuning-fork, mounted on a resonant case, and 
bowed in a manner suitable for this purpose.) O X is divided into 
a number of equal spaces to represent equal periods of time. The 
length of these spaces is purly arbitrary. This distances from 

1510 O to the beginning of any one of these divisions are called 
abscissas. each of these points on O X, representing 
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successive intervals of time, lines are drawn parallel to O X, and 
proportional in their relative lengths to the distance of the particle 
from the point of rest at the successive periods of time. In the case 


Y 


— 


N 


of the particle pursuing a simple vibration, these magnitudes will 
increase to a maximum which will be attained at the instant when 
it reaches the extremity of its path; they will then diminish as it 
comes back to the starting point, and as it passes beyond it, moving 
in the other direction, they will be indicated by distances measured 
off below the line O X. Joining then the extremities of the perpen- 
dicular lines, we obtain a broken line somewhat resembling a curve, 
and if we put the perpendicular lines close enough together, the 
broken line joining their extremities becomes a curve. This curve 
is determined by the length of two sets of lines or distances—the ab- 
scissas measured on O X and the ordinates measured parallel to O 
Y. In the case stated the starting point is assumed to be in the 
middle of the path (e. g., the position of a pendulum when at rest), 
and the motion is measured in both directions from it; 7. ., the 
curve is on both sides of the line, and part of the ordinates have one 
direction, part the other. But the point from which the measure- 
ments are taken is purely arbitrary, and the line O X, which repre- 
sents this point, might be placed lower down and tangent to the 
lowest part of the curve. In that case the curve would not change 
its character, but the ordinates would all be measured in one direc- 
tion and on one side of O X. Algebraically expressed, they would 
all be + quantities, instead of being alternately + and — quantities 
in the two branches of the curve; only the + quantities would be 
greater than shown in the diagram. In the case indicated by the 
diagram we should consider that an increase in the length of the 
ordinates, in passing from one to the next, signified motion in one 
direction, and a decrease signified motion in the other direction. In 
this method of representation one set of lines, measured along © X. 
corresponds to the period in which the movement is executed, or its 
frequency, and the other, measured along O X, to the amplitude or 
extent, and also to the direction of the motion, and these measure- 

ments express frequency, amplitude, and direction. The 
1511 same curve will represent the extent of rarefaction and of 
condensation of the air produced by the movement of the 
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particles, and also, when correctly interpreted, the motion and the 
varying velocity of the particles. 

It is from this habit of graphical expression that a vibration is 
commonly spoken of among physicists as having “form ;” form of 
vibration is a phrase used to signify the “character ” of a vibration, 
as I have explained it. 

It must be remembered that this curve does not represent the 
path of the moving particle; that always moves to and fro in a 
straight line. This curve is merely a convenient form of expressing 
to the eye the character and variation of the motion. 

Int. 9. If you can produce from any scientific work a diagram 
representing the manner in which overtones are combined with a 
fundamental to give quality to sound different from that due to the 
fundamental alone, and representing the form given to the curve as 
the result of all the vibrations, will vou do so, stating the source 
from which you derived it, and explaining, as far as you think nec- 
essary, the diagram ? 

Ans. The following diagram, taken from Mayer on “Sound,” p. 
153, represents the motion of a particle under the influence of 
sound waves: 


The curves a h represent six sound waves of six simple sounds. 
When these are sounded together as fundamental and overtones, 
and with relative intensities corresponding to the amplitude 
1512 of the curves, as drawn, so as to produce a sound having the 
quality due to this combination, the vibrational “form,” as 
it is 1 of the sound perceived by the ear is represented by the 
curve ated. The set of vibrations which constitutes one complete 
vibration is shown twice between e and d. The entire “form” 
or character of this curve can be determed and controlled, as 
already stated, by determining or controlling for each point the 
length of the abscissa and of the ordinate for that point, or, in other 
words, determining or controlling the elements of time or frequency, 
amplitude or intensity, and direction ; but it is obvious that it will 
require very many measurements of abscissas and ordinates to de- 
termine or control the“ form ” of each complete set of vibrations. 
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The curve representing one set of vibrations is about three inches 
long, and it is apparent, even to a casual observer, that by taking 
the ordinates as little as one-eighth of an inch apart we should miss 
the little twists which most strikingly represent to the eye the“ qual- 
ity ” or the effect of the overtones in this vibrational form, and which 
are equally important to the “quality” of the sound as perceived by 
the ear ; and as in the articulate speech of a woman there are twenty- 
four thousand of these complete sets in a minute, it will be obvious 
that in order to reproduce this vibration the control must be exer- 
cised not merely twenty-four thousand times a minute, but really 
without any interruption or cessation whatever. 

Int. 10. If observations have been made upon the curves pro- 
duced by spoken words, and you can produce a diagram represent- 
ing tne results of such observations, will you do so, giving the 
authority from which they are made? 

Ans. The minute changes which took place during articulation 
are well shown in a series of curves made by Prof. E. W. Blake, 
Jr., of Brown University, and described in “Silliman’s Journal“ 
for July, 1878. These curves were produced by reflecting a ray 
of light from a mirror so attached to the plate of a speaking tele- 
phone that the vibrations of this plate were communicated to the 
mirror. The reflected ray is caused to act photographically upon a 

, sensitized plate of gless, the mirror at the same time being 
151: 


1514 caused to vibrate by the action of the voice upon the tele- 
phone plate. On rapidly moving the plate of glass in a di- 


rection at right angles to that in which the reflected ray was caused 
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to vibrate by the vibrations of the mirror, a photographed represen- 
tation of the complex vibrations of the mirror was produced. In 
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Prof. Blake’s figures the vibrations characteristic of different vowels, 
and the rapidly changing vibrations produced in the case of a 
spoken sentence, are very beautifully shown. According to the state- 
ment made by Prof. Blake in the article referred to, the vibrations 
are magnified in the accompanying cuts one hundred and twelve 
times. Notwithstanding the accuracy of Prof. Blake’s drawings, the 
j mere thicknes of the lines in the wood-cut is sufficient to obliterate 
25 many of the more delicate variations in those vibrations which char- 

; acterize articulate speech. 
U Int. 11. Referring again to the first Bell patent (No. 174,465) to 
4 which your attention has been called, will you state what the mov- 
ing parts are which you have referred to as being put in motion by 
sound waves or by variations of current produced by sound waves? 
Ans. In Fig. 7 the transmitter possesses a movable armature, 
4 c, one end of which is hinged, while the other is so attached to a 
membrane at a that when this membrane is set in vibration by the 
N ¥ utterance of a sound into the cone A, the armature shall be caused 
to take up the vibrations of the membrane. By the vibration of this 
: armature, as it approaches nearer to or recedes from the pole of the 
1 electro- magnet ö, in accordance with the well-known laws of mag- 
; 3 neto-electric induction, electrical undulations or waves are produced 
in and transmitted by the line wire e. The receiving instrument 
which is in electrical connection with the line wire possesses an 
electro-magnet, f. whose magnetic strength varies in accordance 
with the electrical variations produced in the line wire, in the man- 
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ner described. In front of this electro- et of the receiver and 
opposite its pole is a vibratory armature of inductive metal hinged 
at E and connected at ¢ with a membrane stretched over the larger 
end of the cone L, so that variations in the magnetic strength of 

electro-magnet f, produced by electrical variations in the line wire e, 
produce vibrations in the armature h, and consequently in the attached 


membrane, so that this attached inembrane vibrates in corre- 
1515 spondence with the motions of the membrane of the transmit- 
ting instrument, and therefore in correspondence with the vibra- 
tions of a voice by which the membrane of the transmitter is actu- 
ated. I should have said that the vibrating armatures of both the 
transmitting and receiving instruments are of iron or other induct- 
ive metal; and I would also call attention to the fact that the 
hinged end of each of these vibratory armatures is in magnetic con- 
nection with that pole of the el which is farthest from 
the vibrating part of the armature itself, this mode of connection 
serving to increase to a certain degree the magnetic strength of the 
tus. , 
nt. 12. Will you explain a little more in detail the function of 
the battery repzesented in Fig. 7 of the Bell patent of which you 
have been speaking and the manner in which the undulations in 
the current are uced in the apparatus represented in that figure, 
and in what way the undulatory current acts in the receiving instru- 
ment to uce the proper results? 

Ans. magnets 6 and f in Fig. 7 are electro-magnets, having 
soft iron cores, which cores are — — only when a current of 
electricity is — — the coils surrounding them. The ob- 
ject of the battery shown in Fig 7 is simply to produce this current, 
which shall cause the cores to be kept magnetized. The armature 
e of the transmitter, which is of iron or other inductive metal, will, 
as it moves to and fro, alternately increase and diminish the mag- 
netic strength of the magnet 6. These variationsof magnetic stren 
will correspond to the various changes in motion of the vibrating 
armature. In accordance with the well-known laws of magneto-in- 
duction, as discovered by Faraday, every change in the magnetic 
strength of the core of the electric magnet 6 will produce - 
ing changes in the current of electricity which passes th the 
line wire e. These variations in the strength of the current will 
cause corresponding variations in the magnetic — of: the 
electro-magnet f, and these variations in the strength of the magnet 
will act immediately upon the vibratory armature ath. An increase 
of strength in the magnet f will cause the armature to approach to 
the magnet, while diminution of magnetic strength will allow the 
armature, under the influence of the tension of the membrane to 

which it is attached, to recede farther from the pole f. He=ce, 
1516 under the influence of the varving magnetic strength of f, 
the vibratory armature at * will execute vibrations corre- 
sponding to these changes in magnetic strength, and, therefore, cor- 
responding to the changes in the electric current in the line wire ¢ 
to the changes in the magnetic strength of the magnet 6, and, there- 
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armature at c when moved by the vibrations of the membrane with 
which it is contact. The membrane of the receiving instrument at 
i will, therefore, vibrate in correspondence with the membrane a of 
the transmitting instrument. 

Int. 13. Do you find any method in the patent as an 
alternative one to that you have described for producing the varia- 
tions or — in the current — the — — and re- 
ceiver; if so, will you quote from the specification the language 
which chen — an mode? 

Ans. As it was well known to electricians, long before the date of 
Mr. Bell’s first patent, that the strength of electrical currents can be 
varied, either by increasing its electro-motive force or by diminish- 
ing the resistance of the circuit, in accordance with the well-known 
law of Ohm, core: = een ' 

In the apparatus which I have described Mr. Bell explains a 
method of producing these electrical undulations by varying the 
electro-motive force of the current. He also clearly recognizes the 
possibility of producing such undulations b ing the resistance 
of the circuit. In his specification No. 174,465 I the following: 

Electrical undulations may also be caused by alternately increas- 
ing and diminishing the resistance of the circuit. * * * Thein- 
— ee inging the i 
elements nearer together and increased by placing them apart. 
The reciprocal vibration of the elements of a battery, therefore, oc- 
casions an undulatory action in the voltaic current. The external 
resistance may also be varied. For instance, let mercury or some 
other liquid part of a voltaic circuit; then the more deeply 
the ucting wire is immersed in the mercury or other liquid the 
less resistance does the liquid offer to the passage of the current. 
Hence, the vibration of the conducting wire in mercury-or other 
liquid included in the circuit occasions undulations in the current. 

The vertical vibrations of the elements of a in the 
1517 liquid in which they are immersed produce an 
action in the current by alternately increasing and diminish- 


— 1 — 
— 1 has found of use in the practical application of 
ectricity 1 ; 

Ans. The law of Ohm is usually expressed by a formula c = in 
which c is the strength of the current, E the electro-motive force— 
that is, the force producing the current, and & the total resistance of 
the circuit. Obm’s law was, if I recollect 
about the year 1830. For the last 
been ful recognised by ph 
3 “ai het — 1 . 
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substantially the character of the described apparatus as an appa- 
ratus for transmitting sounds, or changes substantially the method 
by which sounds are transmitted or reproduced. 


(Objected to by counsel for defendants as incompetent, on the 
that the question involves, in part, a question of law and a 
construction of the patent of Bell.) 


Ans. Speaking as a scientific man, I should say that it does not. 
Int. 16. If you have examined the two instruments which have 
been prod in evidence, marked respectively Exhibits “ Klemm 
Battery Transmitter” and Tisdel Magneto- Telephone,“ and find 
them adapted to be used for any purpose when connected in elec- 
trical circuit with a battery, state what you find their purpose to be. 
Ans. I find that the instruments referred to are, from their con- 
struction and method of operation, adapted, when suitably connected 
with a battery, to transmit articulate speech. 
Int. 17. State whether so or not, in your judgment, when so con- 
nected and used for that purpose, they constitute and appa- 
1518 ratus substantially like that described in the Bell patent, of 
which you have been speaking, and referred to in the fifth 
claim, and which will operate in transmitting sounds by substan- 
tially the same method; and whether or not, in your judgment, 
they embody, when so used, the invention described in said patent 
ms § refe to in said claim ? 
(Same objection as to Int. 15.) 


Ans. The apparatus to which I have referred in my last answer, 
Exhibits “ Klemm Battery Transmitter” and “Tisdel Magneto-Tele- 
phone,” when connected and so operated as to transmit articulate 
speech, use the method invented by Mr. Bell, and described in his 
specification No. 174,465, for transmitting vocal or other sounds tele- 
graphically, by causing electrical undulations similar in form to the 
vibrations of the air accompanying such sound. The instruments 
in question most certainly embody the invention which Mr. Bell 
describes in his specification referred to, and, when used in the trans- 
mission of articulate speech, constitute an apparatus which is sub- 
stantially that described by Prof. Bell. 

Int. 18. Will you compare these instruments, when so connected 
and used, with Mr. Bell's apparatus to which you have referred, 
pointing out the functions and mode of operation of the several 
parts; and if you find that these instruments differ specifically from 
the Bell apparatus, explain the nature of the differences, and give 
your judgment as to their affecting the substantial likeness of this 
apparatus to the Bell apparatus, and its method of operation. 

Ans. In Mr. Bell’s patent No. 174,465 I find a transmitting in- 
strument, a receiving instrument, a line wire connecting these and a 

or other source of electricity. In the apparatus described 
the transmitter a movable part which is capable of being 
set in vibration Ly the agency of the voice. This movable part is 
so arranged that it shall cause electrical variations in the current 


traversing the line wire. The receiver is so arranged that the varia- aa : 


—— 


known. before the date of Mr. 
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tions of current referred to shall communicate motion to a movable 
part, which shall in its turn communicate motion to the air about it. 
As I have already shown at some length, the vibrations of this mov- 
able portion, when actuated by the sound waves produced by the 
voice, correspond to these in form ; and by their action upon the re- 
ceiving instrument cause it to vibrate in a similar manner, and 
1519 hence produce corresponding vibrations in the air about the 
receiver. The function of the transmitter, it is evident, is 
simply to produce in the line wire electrical undulations similar in 
form to the vibrations of the air particles through whose agency 
they are produced. The function of the receiver is simply to trans- 
late, so to speak, the electrical undulations produced by the trans- 
mitting instrument and conveyed to the receiving instrument by the 
line wire into vibrations of the air at the receiving instrument. Mr. 
Bell indicates that these electrical undulations may be produced 
either by varying the electro-motive force of the current, or by vary- 
ing the resistance of the circuit. , 
the exhibits specified I find a transmitter and a receiver, which, 
when placed in electrical connection with each other by means of a 
line wire, and provided with a battery as a source of icity, are 
adapted to transmit and will transmit articulate speech from one 
station to another. 

In the Klemm battery transmitter I find an instrument which, 
from its construction, is adapted to and when properly 
operated by the voice will produce, ical undulations in the 
current traversing the circuit, similar in form to the air waves by 
which these electrical variations are produced. 

In the Tisdel receiver I find an instrument which is adapted to 
produce vibrations in the air, similar in form to vibrations originall 
— in the air, at the transmitting station by the voice, as 

ve already explained. The defendants’ apparatus, like the Bell 

tus, contains a transmitter which, from its construction, is 

to uce electrical undulations as described, and a re- 

ceiver which is adapted to retranslate these electrical undulations 
into vibrations of the air. 

The Klemm battery transmitter adopts one of the methods men- 
tioned by Mr. Bell as suitable for the production of electrical undu- 
lations similar in form to the air waves produced by the voice, 
namely, by varying the resistance of the circuit. The precise method 
adopted in the 


Klemm transmitter for varying the resistance of the 
circuit is different from the particular method referred to by Mr. 
Bell, inasmuch as it utilizes the —— in resistance 
with variation in pressure possessed by various substances 

In my opinion, however, the adoption of one rather than 

1520 another particular method of varying the resistance of the 
circuit does not materially affect the substantial likeness of 

the apparatus of Mr. Bell and the defendants, or its method of 


Int. 19. Will you state whether the fact to which you refer, that 
the resistance of substances — 22. one 
patent recognized in the 
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construction of electrica! a tus, and if you can refer to any elec- 
trical works of authority w this fact is referred to, will you do 
so, and quote the references to the fact? 

Ans. It was known long before the date of Mr. Bell’s patent that 
the resistance of a circuit is varied, without being broken, by varia- 
tions in the intimacy of contact or amount of pressure between two 
electrodes in contact, from one to the other of which a current is 

ing. This fact was noted and recorded by Du Moncel in his 
book, “Applications de lElectricité,” Vol. II, page 246, edition of 
1856, = at Paris in that year. In “Comptes Rendus,” for 
July, 1874, a communication from the same writer described some 
experiments as to the resistance offered to the current in i 
from one electrode to another, in the case where one was a 
conductor and the other a poor conductor, and showed that a mod- 
erate increase of pressure at the contacts would materially increase 
the conductivity and thereby the current, and he gave his explana- 
tion for this phenomenon. 


In Du Moncel, “Applications de l’Electricité,” ed. 1856, Vol. I. p. 
246, I find the following: 


“Une chose assez curieuse, et qui parait étre au premier abord en 
contradiction avec la théorie que Lon s est faite de )’électricité, e est 
que la plus ou moins grande pression exercée entre les piéces de 
contact des interrupteurs influe considérablement sur l’intensité du 
courant qui les traverse. Cela tient souvent a ce que les métaux de 
Pinterrupteur ne sont pas toujours dans un état parfait de décapage 
—— de contact, mais peut - Stre aussi 4 une cause physique encore 

appréciée. Ce qui est certain, c est que, dans les interrupteurs 

od la piéce mobile de contact est sollici une force extréme- 

ment minime, le courant éprouve souvent des affaiblissements assez 

— pour faire manquer la réaction électrique qu’on attend 
eux.” 


Which I translate as follows : 


“A somewhat curious fact, which at first sight appears to be in 

1521 contradiction to the views ordinarily received as to the ac- 
tion of electricity, is that the greater or less pressure exercised 
between the contact pieces of interrupters has an important influ- 
ence upon the strength of the current which traverses them. This 
often happens, because the metal of the interrupter is not perfectly 
free from rust at the point of contact, but gg pees of a 
physical cause as yet but little appreciated. is is certain, that 
with interrupters in which a movable contact piece is acted upon 
by a very slight pressure the current often sustained such an en- 
feeblement as to cause a failure in the electrical action which was 


expected.” 

The same writer describesin “Comptes Rendus for July 6, 1874, 
a series of experiments in which he measured the current in a 
circuit, part of which consisted of a platinum electrode and a piece 
of wood, more or less damp, kept in constant -contact, but with 
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varying pressure, and says, page 41, in an article entitled “ Re- 
es sur les transmissions électriques a travers les corps lig- 
neux,” as follows: 


Les expériences que j avais i faire pour avoir une constatation 
exacte des effets produits, étaient assez délicates, car une foule de 
causes étrangéres peuvent intervenir, et changer les résultats fournis. 
Ainsi le dégré de serrage des plaques metalliques de communication 
avec le bois, son isolement plus ou moins it du sol et des murs 


de appartement. ot l'on expérimente, ‘talligque ln des surfaces 
ique, la masse du bois, 


mises en communication avec le circuit m 
état plus ou moins humide de fair du cabinet expériences, le con- 


_ tact fortuit des doigts sur les fils de communication avec le galva- 


nometre, et l'état d’isolement de ces fils sons autant de causes qui 
peuvent modifier les résultats que l'on obtient. = 
x * 


6. “Que le dégré de la pression de la ue de platine contre le 
bois a telement influé sur l’intensité du —— —— qu’ 
étant de 12 dégrés avec un serrage maximum elle est devenue a 
zéro quand la plaque était abandonné a son propre poids, et a 5 de- 
grés seulement avec un faible serrage.” 


This I translate as follows: 


“ The experiments that I have had to make in order to have an 
exact p of the effects produced were delicate, because a 
number of foreign elements might enter and change the results. 
Thus the amount of pressure upon the metsllic plates in communi- 
cation with the wood is more or less perfect insulation from the earth 
or the walls of the room, the size of the surfaces put in communica- 

tion with the metallic circuit, the mass of the wood, the 

1522 or less humidity of the air, the accidental contact of 
fingers with the wires leading to the galvanometer, and 

the condition of the insulation of these wires were causes which 
might modify the results that would be obtained. 


* = * * * * 


“6. That the amount of the pressure of the platinum plate against 
the wood has so much influence on the strength of the current thus 
transmitted that from twelve degrees, with a maximum re, it 
became reduced to zero when the plate was pressed only y its own 
weight, and to five degrees only with a slight pressure. 


In Du Moncel’s “ Traité de Telegraphie Electrique,” Paris, 1864, 
Part IV, page 559, in spéaking of apparatus designed to establish 
electrical contact, the author says: 


“ L’expérience montre que plus la pression des contacts est grande, 


| plus est énergique l’intensité du courant qui les traverse ”—that is, 


in English, “Experiment shows that the greater the pressure of the 

contact pieces the stronger is the current passing through them.” 
This fact was also constantly acted upon in the practical use of 

electrical apparatus; care was always taken that contact should be 
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firm and with considerable pressure, for otherwise the full and de- 
sired strength of current was not obtained. 

Int. 20. In the Exhibit Klemm Magneto-Telephone the magnet, 
as I understood it, is a permanent magnet and differs somewhat in 
form from the electro-magnet shown in the Bell receiver. State 
whether or not these differences affect the substantial likeness of the 
two instruments in to their functiun and mode of operation 
and the work they do in the transmission of sounds. 

Ans. They do not, since the function of the battery represented 
in Fig. 7 of Mr. Bell’s specification is merely to keep the cores of the 
electro-magnets magnetic. When —— magnets are employed 
the permanent magnetism of such magnets is substituted for the 
magnetization produced by the battery current. 

Int. 21. Will you refer to the second Bell patent, No. 186,787, 
which has been produced in evidence, and describe briefly so 
much of the apparatus therein described as is referred to in the fifth, 
sixth, and eighth claims, pointing out the functions or results 
which are attributed to the parts of the apparatus referred to in 
those claims ? 

Ans. Claim 5 relates to the special form of magnet suited for use in 

an electric telephone, the coil being placed about the end or 
1523 ends of the magnet nearest the plate. The object of thus 

placing the coil is to render the magnet quicker in its work- 
ing—that is, more ready to respond with the requisite rapidity to 
the variations in the strength of the current passing th the 
coil. A magnet with the coil thus — responds more quickly 
by changes in its strength to slight changes in the strength of the 
current, and hence it is r adapted for use in the speaking tele- 
phone than a magnet in which the coil surrounds the whole length 
of the magnet, and which consequently acts more slowly. 

In claim 6 is mentioned the sounding-box, which is combined 
with the telephone. This sounding-box has an important influence 
in screening the plate of the instrument from the effect of extrane- 
ous sounds. The thin air-space in front of the plate also exercises 
an important influence. 

In claim 8 I find mentioned the combination of a permanent mag- 
net, with coils upon it end or ends, as described, with a plate of iron 
or other material, capable of inductive action. The use of the plate 
of iron, in connection with the magnet, as described in a system of 
electric telephony, furnishes a most excellent method of causing the 
electrical and magnetic variations of the apparatus to produce cor- 
responding vibrations in the air. 

Int. 22. Referring to the defendants’ instruments which have been 
introduced in evidence, will you compare them with the — 
described in the patent last referred to, and state how far, if at all, 
you find them to embrace the features or combinations described in 
the patent and referred to in the claims above specified ? 

Ans. In the defendants’ magneto-telephone I find a magnet with a 
coil upon the end nearest the plate, as described in claim 5. This 
magnet is placed within a sounding-box, as described in claim 6. 
I find, also, a permanent magnet, as described in claim 8. The 
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mouthpieces of both instruments are so arranged as to leave a thin 
space filled with air in front of the vibrati late. 

Int. 23. Do you find in the defendan lemm battery trans- 
mitter that the diaphragm is protected from the action of extraneous 
sound by a box substantiall like that described in the Bell patent? 

Ans. I do find that it is thus protected. 

Int. 24. I find in the second Bell patent a statement that the same 

instrument is used both as a transmitter and a receiver; and 
1524 I understand that the electrical portion of the apparatus de- 
scribed in Bell’s first patent is the same both in the trans- 
- mitier and receiver. Will you state whether the exhibit marked 
“ Klemm’s Magneto-Telephone is, when properly connected in line 
with another instrument of the same kind, capable of being used as 
a transmitter as well as a receiver? 


(Objected to as immaterial and as not relating to any issue in this 
case.) 


Ans. It is. 

Int. 25. You referred, I believe, to the fact that in the Klemm 
battery transmitter the reduced space is present, shown in front of 
the plate in Bell’s second patent. State whether or not you also find 
in that transmitter the reduced orifice which admits the sound waves 
to the plate directly at its centre. 

Ans. I do. 

Int. 26. Please to examine the instrument Complainants’ Exhibit 
Tisdel Magneto-Telephone, and look particularly at the armature 
—— there found ; and state how it is conn with the magnet; 
and what kind of effect that magnetic connection between the arma- 
ture plate and the magnet has upon the condition of the armature 
plate, and upon the operation of the apparatus. 

Ans. In the instrument mentioned the armature tongue is at- 
tached to that pole of the magnet opposite the pole which carries the 
soft-iron pole piece and coil. The armature — is attached by 
means of a screw; and on account of the flexibility of the 
the portions of this nearer its extremity are capable of vibrating 
when acted upon either by the diaphragm or the 

The effect of the attachment of the armature tongue to the pole 
of the magnet is to so polarize it that that portion of the tongue 
which is opposite the pole piece and coil shall be of an opposite 
polarity to that of the pole piece itself. The effect of this polariza- 
tion, provided it has any practical effect, would be to cause elightly 
stronger currents in the coil than would otherwise be produced. 

Int. 27. Please to examine the two Bell patents, which you have 
already referred to, and state whether you do or do not find in either 
of them a speaking-telephone apparatus, in which the armature 

tongue is polarized by magnetic connection with the uncov- 
1525 ered leg of the operating magnet, the other end of which 
carries the operating coil; and, if you do, point out where 

Aus In Mr. Bell's first No. 174,465, Fig. 7 represen 
ns. In Mr. 8 tent, No. , Fig. 7 re ts an 
en ee ee kind. The armatures marked cand h, respect- 
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ively, in that re are fastened loosely at one extremity of the 
magnets d and E, so that they can vibrate readily and so that the 
vibrating tongues shall be opposite the other pole of the correspond- 
ing magnet. These armatures are evidently — induction, 
and, in consequence, tend to produce greater variations of the current 
— coils than would be produced if they were not thus polar- 

Int. 28. In your — answer you indicate that part of the 
Tisdel — whi . is —— in the coil * a * — 
piece mounted on one pole of the permanent steel magnet. 
state what effect that — has on the condition of the said 
soft-iron core, and whether or not you find such an arrangement 
for the same in either of said Bell patents; and, if so, point 
out the figure which shows it. 

Ans. The soft-iron pole piece, from its position in connection with 
the permanent magnet, is constantly polarized without the necessity 
of connecting the coil with a battery. A et made in this way 
is much quicker in its action, and, owing to this increased sensitive- 
ness, much better fitted — telephone than if the 
coil covered a greater portion of the magnet. 

This construction of a pole piece surrounded by a coil in contact 
with and continually — by a permanent magnet is shown in 
3 of Mr. Bell’s second patent, No. 186,787. 

t. 29. I observe that the said Tisdel instrument contains an 
‘armature tongue which operates upon or is operated by the electro- 
et, and also a diaphragm of insignificant inductive ity 
which acts upon the air or is acted upon by sound waves in the air, 
according as the instrument is used as a receiver or transmitter. 

Will you please state what connection the vibrations of the one 
have upon the vibrations of the other, if any, and how that con- 
nection is secured, if it exists? 

(Objected to as leading, assuming a condition and state of facts by 
counsel, and not interrogative, and assuming the operation of the 
device without any demonstration.) 


1526 Ans. The armature tongue is so placed in relation to the 
diaphragm that a small piece of rubber which is attached to 
the tongue (being inserted in a hole drilled in the tongue) shall con- 
stantly be in contact with the diaphragm; hence the armature 
tongue is, in consequence of this attachment, forced to follow the 
motions of the plate in its vibration when the instrument is used as 
a transmitter, and the plate is forced to follow the vibrations of the 
armature tongue when the instrument is used as a receiver. 

In the instrument exhibited the armature seems to be mounted 
so that the rubber shall always be in contact with the plate through- 
out its whole vibration. 

(Adjourned.) 


Fes. 17. 
Cross-examination by Lewis ABRAHAM, Esq., of counsel for 
defendants as aforesaid : 


Cross-int. 30. In answer to Int. 3, in your examination-in-chief, 


. or in cases in the United States Patent Office upon the principles of 


Ans. There have been various improvements u particular 
form of apparatus shown in Fig. 7 of that patent, and certain modi- 
fications in the precise manner of varying the resistance of the cir- 

cuit, in cases when this one of the two methods mentioned by Mr. 
1527 Bell for producing the undulatory current is used; but all of 

these variations are intended to accomplish more perfectly 
the result mentioned in claim 5 of said patent, and operate in the 
manner there set forth. 


(Answer objected to as not responsive, and the question is repeated.) 


Cross-int. 32. (Cross- int. 31 reread.) 

Ans. They are not. 

Cross-int. 33. You state also in your answer to Int. 3 that dari 
the last two years, in the capacity of ex for the American 
Telephone Company, you have condu a series of experiments re- 
lating to the di t of the telephone ; please state when 
your empioyment commenced and what duties you have performed 
as an employé of that — 7 

Ans. I was first employ by the company in the spring of 1879 
in connection with one of the t cases then in progress; since 
that time I have been employ by them quite frequently in con- 
nection with various cases. I have also frequently been consulted 
by them with regard to improvements and j in the 
operation of the tele 

Cross-int. 34. Are you generally retained as expert for the Ameri- 
can Bell Telephone pany? 


Ans. Th ve frequently called upon me when issues have arisen 
involving i i scientific facts. As I know nothing 
about the | 


mayo of the company, beyond those specific 
cases in which I have been asked to testify, I can give no more defi- 
nite reply than what I have already indicated. 

Cross-int. 35. In whose behalf and at whose request have you 
testified as a witness in the cases of the courts of the United States 
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inventions embraced in patents or apparatus relating to what is 
known as the telephonic art? 

Ans. At the request of the attorneys of the American Bell Tele- 
phone Company and in behalf of that company. i 8 

Cross-int. 36. Please name, as neaily as you can recollect, the 
several cases in which you have testified on behalf of that company, 

either in the courts or before the Patent Office. 
1528 Ans. I have testified in connection with the Dowd case, in 

1879, and with cases involving the alleged inventions of 
Messrs Chinnock, Eaton, and others; 1 have also given affidavits in 
connection with the People’s Telephone Company, Messrs. Pearce 
and Jones, and a number of others. The only interference contro- 
versies I have testified in relation to, in the Patent Office, relate to 
certain improvements embodied in the instrument known as the 
Blake transmitter. 

Cross-int. 37. Referring to claim 5, in patent No. 174,465, do you 
understand that the electric undulations therein claimed are similar 
in form and pass over the line wire similar in form from end to end 
of said wire to the form of the sound waves that set the transmitter 
in motion? 

Ans. I do. 

Cross-int. 38. Please explain what you denominate as “ continuous 
voltaic current.” Does such a current flow as a continuously unin- 
terrupted flash along the wire without any reference to what distance 
there is between the termini, without any aberration, undulation, 
pulsation, or sinuosity ? 

Ans. By a“ continuous voltaic current” I understand such a cur- 
rent as flows through a conducting wire connecting the two poles of 
an ordinary galvanic battery. On making or breaking or in any 
way electrically altering the battery, conducting wire, or any part of 
the circuit electrical changes are of course produced whose nature 


and the rapidity of whose — — depend, among other things, 


on the electrical condition, size, ength, etc., of the conducting wire; 
but When a steady condition of flow has been reached this flow will 
continue unchanged so long as the conditions of the circuit remain 
unchanged. Such a current would be a continuous current. 

Cross-int. 39. In your last answer you speak relatively of the 
length of the circuit wire; please approximate the maximum length 
over which you say a continuous current can practically pass with- 
out any aberration or change. 

Ans. Under the conditions sup of freedom from disturbing . 
influences acting to produce an electric change in the circuit, I do 
not see any limit to the length of the wire. 3 

Cross-int. 40. In practice are not all circuit wires affected by atmos- 

pheric or other influences? 
1529 Ans. I suppose that there is always a certain influence from 
disturbing causes; sometimes it is too slight to be detected; 
sometimes it is so considerable as to produce great annoyance. 

Cross-int. 41. You have testified very learnedly and at great 
length on the law of physics relating to the transmission of ordinary 
sounds. If I correctly understand you, each sound wave acts on an 
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elastic particle of air, and moves it or expands it forward, which, 
in turn, acts upon its next adjacent particle, and so on continuously, 
similarly affecting successive adjacent particles, that in consequence 
of their inertia or normal stute of rest they rebound in a direction 
contrary to that in which they were first impelled by the force of 
sound, and that, therefore, there is a constant and successive to-and- 
fro motion imparted to these chains of connecting air particles. 
Please explain if I am correct; and, if not, the particular method 
in which chains of air particles transmit sound from point to point, 
and thence to a finality. 

Ans. Your supposition is correct so far as the propagation of the 
original forward motion of each particle—that is, so far as the pro- 
duction of a condensed wave is concerned. The backward motion 
of the particles is brought about in the following manner: When 
the sounding body in course of its vibration moves backward 
its motion tends to produce a partial vacuum, the neighboring 
ticles rush in to fill up this space, producing in their turn a dimin 
pressure a little further on, and in this way the backward motion or 
rarefied wave is propagated. 

Cross-int. 42. e transmission between these particles a conti- 
nuity of —— hysical blows, or an expansion and contraction of 
the seve — of air or their interstices? 

Ans. The modern theory of gases, which is universally a 
among scientific men, supposes all s pressure to be ca by 
the perpetual “ bombardment” of the walls of the containing vessel 
by the gaseous molecules. By “ bombardment” I mean a series of 
blows very rapid and forcible, produced at almost infinitesimal in- 
tervals by the molecules of the gas as they strike against each other, 
and the vessel containing them. 

Cross- int. 43. Is the sound wave you allude to, and place in 
1530 * inverted commas, in your answer to Int. 6, a sinuous, curved, 
bent, or simply a plane and rectilinear motion. 

Ans. The particles composing the sound wave move to and fro in 
straight lines in the direction in which the sound progresses. A 
graphical representation of this sound wave is a sinuous line con- 
structed as I have explained in my answer to Int. 8. 

Cross-int. 44. In further answer to said interrogatory you say that 
all the particles of air through which the sound progresses partake 
of the various characteristics which you have previously named. 
What are these characteristics; does each particle in succession par- 
take of all theee characteristics? ; 

Ans. The three characteristics of the motion of the air particle 
mentioned are stated in my answer to Int. 6, in the sentence begin- 
ning, “ It is evident, in the first place” (page 22 of this printed rec- 
ord). The variations in the sound produced are pitch, intensity, 
and quality or timbre. Each particle in succession partakes in its 
motion of the three characteristics mentioned. 

Cross-int. 45. Further on you k of difference in quality being 
due to difference in character of the motions. Describe the different 
character of motions to which you refer. Please explain fully the 


course, direction, and contour of these mctions; whether spherical, 
curvilinear, angular, or otherwise. 

Ans. The motions of the air particles are always to and fro in the 
same straight line. Difference in quality depends upon the manner 
in which the rate, frequency, and direction of this to-and-fro motion 
change. This fact will be more clearly understood by reference to 
the figure given in my answer to Int.9. Any one of the series of 
upper curves represents graphically, as previously described, a sim- 
ple sound of a certain quality. The lower curve represents graphi- 
cally the complex sound of a different quality. The curves in ques- 
tion are simply graphical or geometrical statements of the algebraic 
— which represents the more or less complex motion of the 
vibrating air particle. As I have already said, the motion of the 
particle itself is always a rectilinear to-and-fro motion. 

Cross-int. 46. In what manner have you demonstrated that the 

receiving instrument in a telephone moves in exact unison 
1531 with the movements of the several particles of air that have 
been set in motion at the starting point? 

Ans. The only practical demonstration that I know of this per- 
fect correspondence between the motions of the two lies in the fact 
that the receiver is practically able to reproduce the various charac- 
teristics of the voice itself. 

Cross-int. 47. Are not the diaphragms of the transmitting and re- 
ceiving inst: uments, as described in the Bell patents, at right angles, 
or nearly so, to the line wire? 

Ans. In Fig. 7 of the first patent the diaphragms are substan- 
tially at right angles to the line wire. In the — 21 on sheet 2 
of the second patent the diaphragms are parallel to the general 
direction of the line wire. 

Cross -int. 48. Do I understand you to say that no form of trans- 
mitter which operates by making and breaking an electric current 
can possibly transmit articulate speech; and that any transmitter 
which operates by — and breaking an electric circuit is capable 
of transmitting pitch, and pitch only? 

Ans. That is my statement. 

Cross-int. 49. You have testified to the receiving instruments, as 
described in the Bell patents, vibrating or moving in correspondence 
with the sound motions propelled or carried over a line of wire; and 

ou have particularly referred to a membrane stretched over the 
— end of the cone L. Please state the thickness of this mem- 
brane, and at what degree of thickness would it cease to give re- 
sponsive vibrations. 

Ans. I have used membranes as thin as goldbeater’s skin; and 
in some auxiliary experiments I have used a thin soap film, not 
more than from 9e to zee Of an inch thick. Of course this 
last was not directly in a telephone. The thickest membrane I have 
ever used was heavy sheepskin. I do not know at what limit of 
thickness the membrane would cease to respond to sounds of ordi- 
nary intensity. 

Cross-int. 50. At what d of thickness would the membrane, 


or what is known as the diaphram, in a transmitting telephone i 
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fail to —— forward on a line wire sound waves or sound im- 


1532 aa Prof. Bell has used heavy iron boiler plate as a dia- 

phragm, and found it sufficiently nsive to transmit the 
voice. I know of no experiments in which diaphragms thicker than 
this have been used. 

Cross-int. 51. Do you know of any speaking telephones in com- 
mon use, built in exact accordance with the specification and claims 
of patent No. 186,787, without any additions or improvements either 
by Prof. Bell or others? 

Ans. The box telephone, which I think is still occasionally used, 
is built in accordance with that patent. The only alteration is that 
the king tube, marked E in the figures, is greatly reduced in 
length. I mean to indicate by this answer simply that I do not 
know that the box telephone is entirely disused, although various 
improvements have caused the original form to be —— 

int. 52. Do not the telephones placed upon the market by 
the American Bell Telephone Company and the Metropolitan Tele- 
phone and Telepraph Company consist of and combine several other 
improvements and inventions besides those of Prof. Bell ? 
ns. They do. 


Direct examination resumed : 


Int. 53. Please to look at the instrument now shown you and tell 
me whether it is or is not the instrument commonly known as the 
“ Bell hand magneto-telephone;” whether it is or is not the form of 
magneto-telephone commonly put out by the American Bell Tele- 
phone Company, except that this particular instrument has been 
cut open to show its interior. 

Ans. It is. 

Int. 54. Will you state about how long, so far as your knowledge 
entends, hand telephones of this particular form, style, and construc- 
tion have been put out for general commercial use by Mr. Bell and 
his licensees? I mean to include in this question instruments with 
wooden handles as well as hard rubber handles, if you have ever 
known of any such distinction in material. 

Ans. My impression is that I first knew of their use either late in 
1877 or early in 1878. 

Int. 55. Please state whether any patented invention relating to 

telephones or improvements in telephone is embodied in 
1533 that instrument other than those set forth in the two Bell 

patents (No. 174,465 and No. 186,787), the dates of which are 
stamped on the face of it; and if you know of any other such patents 
please name them. 

Ans. I do not find in the instrument exhibited any patented im- 
provements beyond those mentioned. 


— . 
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1534 Evidence for Complainants. 
Circuit Court of the United States, Southern District of New York. 
In Equity. 


AMERICAN Bett TELEPHONE Company e al. 


v. 
Tux ProrLE S TELEPHONE Cour AN et al. 


The plaintiffs propose to take the deposition of Mr. T. A. Watson 
(of Everett, near Boston); whereupon it is agreed that the deposi- 
tions heretofore given by Mr. Watson, and copies of which are 
hereto annexed, be put in evidence as his deposition in this cause, 
with the same effect as if given herein before the examiner, and stand 
as evidence accordingly. 

It is also agreed that the deposition of Alexander Graham Bell, 
referred to by Mr. Watson in his said deposition, also stand as evi- 
dence in this cause as if herein taken and sworn to, and a copy shall 
be filed accordingly. But the complainants shall recall said Bell 
for further examination or cross-examination, if either party shall 
so desire and request. | 

If Mr. Watson shall return from Europe before testimony is closed 
the complainants will recall him for further examination or cross- 
examination, if either party shall so desire and request. 


June 1, 1881. 
L. HILL, 
For Defendants. 


J. J. STORROW, 
For Complainants. 
Deposition of Alexander Gruham Bell. 
1 Boston, July 8, 1879. 


Direct examination by J. J. Srorrow, Esq., of counsel for 
complainants: 


Int. 1. Please state your name, age, residence, and occupation, 
and whether you are the Mr. Bell who is mentioned in the bill of 
complaint in this case. 

Ans. I am the Alexander Graham Bell alluded to in the 
1535 bill of complaint; age, thirty-two years; residence, Cam- 
bridge; occupation, electrician. 

Int. 2. How early and why was your attention called to the com- 
position and production of vocal sounds? 

Ans. My father was u teacher of articulation, and as he intended 
me to follow his own profession he very early gave me instruction 
in the anatomy of the vocal organs, the functions of the various 
organs of speech, and in subjects bearing generally upon the science 
of vocal physiology. 

Int. 3. Did you, at an early age, begin to make experiments in 
the artificial production of vocal sounds, or speech, and in the con- 
struction of apparatus for that purpose; and, if so, what did you do? 
Ans. I remember, when I was quite a child, that my father spoke 


. 
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to me of some automaton speaking machine that he had seen, and 
aroused so much interest in me that I determined to attempt the 
construction of such an apparatus. I invented a speaking machine, 
and constructed it, as a boy, and was able to make it articulate one 
or two simple words, 

Int. 4. When and how did you first become uainted with 
Helmholz’s discoveries relating to the quality of vocal sounds? 

Ans. While in the city of Elgin, in Scotland, I made what I 
deemed to be the first discovery that the elements of speech were 
really compound in their nature. My father and I had been struck 
by the fact that whispered sounds seemed to have a pitch of their 
own, and we had arranged vowels in musical series. In Elgin I 
discovered that the position of the vocal organs for any vowel:sound 
yielded a double resonance, and that the resonance tones, proper to 
the mouth cavities, could be heard mingling with the tones of the 
voice during the articulation of speech. I made a series of experi- 
ments to determine the characteristic tones of the vowels, and 
communicated the result to Mr. Alexander J. Ellis, of London, who 
was then, as now, considered an authority in all matters relating to 
speech. Mr. Ellis replied that my discovery had already been made 
by Helmholtz, and that Helmholtz had proved the compound nature 
of speech sounds, by —.— such sounds synthetically, by com- 
pounding the tones of tuning-forks of different pitches, which were 
kept in continuous vibration by means of an electrical current. 
1536 Int. 5. Are the statements contained in Prof. Cross's twen- 

tieth to twenty-fourth answers, inclusive, 391 and 392 
(printed record in Dowd suit), a part of the discoveries of Helmholz 
to which you have just alluded ? 

Ans. They are. 

Int. 6. The synthesis of vowel sounds made by Helmholz was 

rformed by means of an apparatus consisting of a series of tuning- 
orks of different pitches, all of which were kept in vibration by an 
electro- magnet placed near their prongs, and through the coils of 
which intermittent currents were passed by a circuit-breaker, so that 
each tuning-fork produced its own tone; and then, by means of reso- 
nators which — be brought into action at pleasure, Helmholz 
intensified these partial tones, more or less, or left some of them 
inaudible at the distance at which the hearer was placed, and thereby 
produced the quality of sound of whichever vowel he pleased, as 
stated in the answers of Mr. Cross just referred to; and this appa- 
ratus is shown on pages 176, 178, and 606 of Mr. Ellis's translation 
of Helmholtz’s book. Is it not so? And when, if ever, was this 
apparatus first described to you ? 

Ans. It isso. The apparatus was described to me by Mr. Ellis 
somewhere about the year 1867. 

Int. 7. What led you to take an interest in the subject of the pro- 
duction of sound by means of electrical currents? 

Ans. I felt that it was my duty as a student of speech to master 
all the researches of others that bore upon what was to be my pro- 
fessional study, and I therefore desired to witness the results obtained 
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by Helmholz, and investigate speech for myself in the manner 
shown by him. 

Int. 8. When did you begin to study and experiment upon the 
production of sound by electricity, and to what extent did you carry 
your study and experiments before 1870? State generally. 

Ans. Immediately after the conversation with Mr. Ellis in 1867 
I formed the resolution of producing Helmholz’s synthetical experi- 
ments, and, finding that my knowledge of electricity was insufficient 
to enable me fully to understand his arrangement, I took up seriously 
the study of electricity. In the city of Bath, England, I made 

electrical experiments with a friend, and attempted to set a 
1537 tuning-fork in vibration by an electro-magnet. I do not 

remember the date of my visit to Bath, but I think it was in 
the year 1868; but it might have been earlier. From the year 
1867 to 1870 I made numerous electrical inventions based upon 
Helmholz’s vowel apparatus, and before I left England, in 1870, I 
had made up my mind to pursue one of these inventions to a prac- 
tical end. The invention to which I allude is now known as har- 
monic telegraphy or multiple telegraphy. 

Int. 9. Did you, at that time, have any ideas as to the practica- 
bility of transmission of speech by means of electricity ; and if so, 
to what extent? 

Ans. From the moment that I became aware that Helmholtz had 
been able to produce vowel sounds with the aid of electrcity I 
believed that the other elements of speech might also be produced 
in a similar manner. I did not, while in England, form any idea of 
the details of an apparatus for producing speech in this way, but I 
did very distinctly have the belief that it was ible to construct 
such an apparatus. I am sure that I stated to friends in England 
before 1870 my belief that we should one day speak by telegraph, 
but I had no idea that I would ever myself be connected with the 
realization of such a plan. 

Int. 10. When did you and the rest of your father’s family come 
to America to live? 

Ans. In August, 1870, we went to Canada, to Brantford, Ontario, 
where my parents still reside. 

Int. 11. When did you first come to Boston, and for what pur- 

? 

Ans. I came to Boston on the Ist of April, 1871, at the invitation 
of the Boston schoul board, for the purpose of carrying on experi- 
ments with my. father’s system of physiological symbols in the 
Boston school for the deaf. The object of the experiments was to 
test the practicability of teaching those who are usually called “deaf 
and dumb” to use their vocal organs so as to articulate intelligibly. 

Int. 12. When did you come to Boston to live permanently? 

Ans. On the Ist of October, 1872. 

Int. 13. While you were in Canada and Boston, say up to the 

year 1873 or 1874, how much attention did you pay to the 
1538 subject of electricity, and what particular use of electricity 
did you study and — — upon ? 
Ans. From the moment of my arrival in Canada in 1870 up to 
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the commencement of 1874 my mind was full of the scheme for the 
multiple transmission of telegraphic messages by means of musical 
tones to which 1 have already alluded. Up to October, 1872, I 
resided at my father’s house in Canada, paying only occasional visits 
to the United States, each visit continuing for about two months. 
I had few facilities for experiment in Canada during that time, and 
none in the United States. I occupied myself chiefly — my 
leisure time in studying the subjects of electricity and sound an 
in developing theoretically the — details of my system of har- 
monic tolegraphy. I also made such experiments as I could with 
the limited facilities at my command, at my father’s house in Canada. 
From October, 1872, up to the commencement of 1874 I devoted all 
my spare time to practical experiments relating to the production of 
sounds by electrical means, with the object of reducing to practice 
the system of harmonic telegraphy. My daytime was completel 
occupied with professional work, and I carried on my electri 
— chiefly at night. 

nt. 14. I call your attention to Figs. 1 and 2 in the drawing now 
— yous when did you construct and use the apparatus therein 
shown! 


(NOV. 1873) 


1539 Ans. In November, 1873. 
Int. 15. Where? | 

Ans. In Salem, Mass. 

Int. 16. Have one of the originals of the es there 
shown? If so, please produce it and state which of those figures it 
is like. 

Ans. I have, and I now produce it. It is a portion of a trans- 
mitting instrument like that shown at T. Fig. 1. All the parts are 
there except the mercury cup and wire to dip into it; one screw 
cup and a — wire also missing. 

nt. 17. When upon what occasion were Figs. 1 and 2, or 
the figures of which these are lithographic reproductions, drawn by 
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Ans. They were drawn by me some time before the 27th of April, 
1876, as part of the illustrations of my preliminary statement in an 
interference at the Patent Office upon harmonic telegraphy. 

Int. 18. State whether you used at that time, in 1873, similar 
reeds and electro-magnet as receivers, attaching the reed directly 
to the base or a standard coming from the base instead of using the 
large box shown in these figures. 

Ans. I did, in November, 1873. The receiving instrument usu- 
ally employed by me at that time consisted of an arrangement 
almost identical with the instrument now shown. This very instru- 
ment was frequently used by me at that time as a receiver, by un- 
twisting the wires which connect the electro-magnet with the steel 

late armature and passing the intermittent current from one of the 
interrupters through the coils of the electro-magnet without passin 
through the me During the month of November, 1873, I varie 
the shape and size of the frame holding the receiver so as more 
conveniently to get at the plate in order to tune it to its proper trans- 
mitter. One of my favorite forms of receivers consisted of an ar- 
rangement substantially like the model shown, turned upside down, 
with the bottom of the box (then forming the top) removed, so that 
the reed was attached to a standard coming from the base. I found 
this form especially advantageous, as I could remove the plate and 

substitute others of different lengths and thickness. 

1540 I now make a drawing of my favorite form of receiving 
instrument in November, 1873. 
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Frounx 3. 


Int. 19. If you ever heard, from a single one of those receivers, 
tones of different pitches transmitted by transmitters of different 
pitch, please state when you first did so; describe what you heard 
and the circumstances under which you heard it. 

Ans. In November, 1878, I arranged two current interrupters 
and two harmonic receivers upon a single circuit, as shown in Fig. 
2. The details of the instruments will be. understood from Fig. I. 
The plate armature of the receiver Ri was intended to have the same 
normal rate of vibration as that of the interrupter I, and the plate 
armature of R was intended to have the same rate as that of T?. 
It was expected that upon depressing the key Kl the intermittent 
current from the interrupter T' would traverse the circuit in which 
the receivers Ri and RN were placed, and cause the reed of Ri to be 
thrown violently into vibration, so as to produce its musical tone, 
and that the reed of N would not respond in the same manner. It 
was also anticipated that upon depressing the key K“ the reed 
of Re would be thrown violently into vibration, but that of Ri 
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would not. And that upon depressing both keys K! and K“ simul- 
taneously the reeds of both receiving instruments Ri and R would 
be thrown violently into vibration, producing musical tones at the 
receiving station of similar pitch to the tones produced at the trans- 
mitting station by the vibration of the interrupters T' and . Upon 
making the experiment, the results were as follows: Upon depress- 
ing KI the of Ri was thrown violently into vibration, as had 
been anticipated, producing a musical tone similar in pitch to that 
produced by T', and R* was not sensibly affected, save by a slight 
trembling, which was perceptible to the sense of touch. Upon de- 
pressing the key K“ neither of the reeds Ri and R was thrown into 
violent vibration, but both were affected by a slight trembling, 
1541 which could be felt with the finger. Upon depressing Kl an 
K* simultaneously the reed Ri was thrown into violent vibra- 
tion, but that of R was not. The results were in accordance with the 
theory upon which my system of harmonic telegraph was based, only 
upon the supposition that the reed of R? was not in unison with that 
of . Upon placing my teeth against the frame to which the reed 
Re was attached and plucking the reed with my finger I clearly 
perceived that its pitch was different from that of its proper trans- 
mitter . I tried many experiments to tune the reed of RV, and in 
the course of these experiments I remodelled the receiving instru- 
ment R., as shown in Fig. 3, and shifted the — of the reed 
upon its support, so as to make its free portion longer or shorter, in 
the attempt to cause its normal rate of vibration to correspond to 
that of its proper transmitter. I also made the free portion of the 
reed — too short, so that it should have a higher rate of vi- 
bration than that of its proper transmitter and sought to lower its 
tone by weighting it with lumps of wax. During the course of 
these experiments, while I happened to have the keys Kl and K* 
simultaneously depressed, the idea occurred to place my ear against 
the receiving reed shown in Fig. 3, which was trembling perceptibly 
to the sense of touch, but which had not been properly adjusted, so 
as to correspond with its proper transmitter. Upon placing my ear 
inst the reed I heard two musical tones, the unisons respectively 
of those produced by T' and T?, seemingly proceeding from that 
one reed. The reed of R', however, was vibrating with great violence 
in another part of the same room, producing a tone of similar 
pitch to that produced by TI, so that I was uncertain whether that 
tone was uced from the instrument at my ear or whether it had 
been mechanically communicated to my ear through the air from 
the receiver Rl. To test this point I removed the receiver Nu from 
the circuit, leaving R*, which was then in the condition shown in 
Fig. 3, in circuit with the two transmitters Ti and . Upon placing 
my ear against the receiver R* I then clearly perceived two tones 
proceeding from it, which were similar in pitch to the tones pro- 
duced by the transmitters Ti and E, and different from that nor- 
mally produced by the reed of R when plucked by the finger. 
1542 This experiment was made in Salem, Mass., during the 
month of November, 1873. | 
Int. 20. Whether or not, afterward, in the ordinary course of your 
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operations in harmonic telegraphy or with vibrating reed receivers, 
you availed yourself of this phenomenon of the production in the 
receiving reed of feeble fo vibrations of the same rate as the rate 
of the circuit interrupter, but differing in rate from the more ample 
vibrations which took place when the impulses came with periods 
corresponding to the normal rate of the receiving reed; and, if so, to 
what extent, and how often, and for what purposes? 


(Question objected to, and withdrawn.) 


Int. 20a. Did you afterwards, in your ordinary operations in the 
vibrations of pool when used as receivers, avail yourself of the phe- 
nomenon described in your last answer; and, if so, to what extent 
and for what purpose? 3 

Ans. It was constantly my custom, after November, 1873, to ob- 
serve the feeble forced vibrations produced in the reed of a receiver 
by the action of a current interrupter of different rate from its own 
by placing my ear against the reed. It was my usual method of as- 
certaining whether to shorten or lengthen the reed of the receiver. 
When the tone electrically produced was lower in pitch than that 
produced by plucking the réed by the finger I lengthened the free 
portion of the reed; but when the forced vibrations were of higher 
rate than the free vibrations of the reed I shortened the vibratory 
portion of the reed, and thus adjusted its pitch to correspond to that 
produced by its proper interrupter. 

Int. 21. How early did you arrange — multiple telegraph in- 
struments with an induction coil placed between the interrupter and 
the receiver ? 

Ans. In the winter of 1873; I think about December. 

Int. 22. State whether the drawing now shown you is a correct 
representation of the manner in which you arranged the apparatus 
with an induction coil, and state when and for what purpose this 
drawing, Figs. 4, 5, and 6, was made. 

Ans. Figs. 4 and 5 represent correctly the manner in which I ar- 
ranged the apparatus with induction coils in December, 1873, and 


Fig. 6 represents an improvement of the arrangement, de- 


1543 vised about the commencement of the year 1874. Thisdraw- 

ing, Figs. 4, 5, and 6, was made previously to April 27, 1876, 

and formed part of the illustrations of my preliminary statement in 
the harmonic-telegraph interference before referred to. 

Int. 23. When, if ever, did you become familiar with the Scott 

— 2 ph, referred to in Prof. Cross twenty-eighth answer, 


— In the winter of 187374. 
Int. 24. Did you, during that winter, construct any phonautographs 
yourself? 
Ans. I did; early in 1874. 3 
Int. 25. In those that you constructed how was the rod 
1544 which carried the style attached to the phonautograph frame 
and how was it moved by the membrane? | 
Ans. One end of the rod was hinged by means of a piece of leather 
or calico to the edge of the circular frame carrying the membrane. 
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A small piece of cork was fastened to the centre of the membrane 
and to the rod. Upon uttering a sound in the neighborhood of the 


(DECEMBER 1873) 
ree 


62,6 (MDUCTION COILS 


Cern 1873) 


R. 
L Primary Induction Coil. 
¢. Secondary Induction Coit. 


( aANUARY on FEBRUARY 1874) 


é i, induction coils; e e, cut-offs. 


membrane it was caused to vibrate and force the rod to vibrate also. 
The free end of the rod projected considerably beyond the opposite 
edge of the membrane, and its vibrations were recorded on smoked 


. Int. 26. Did you use in your phonautographs a paraboloidal mir- 
rior to concentrate the sound waves between the speaker and the 
membrane? If not, what form did you give to that part of the ap- 
ratus which conducted the sound waves from the mouth of the 
speaker to the membrane? | 
Ans. I did not use the paraboloidal mirror excepting in experi- 
ments with Prof. Cross, at the Institute of Technology, with the in- 
strument he has described in his deposition. In all the phonauto- 
graphs constructed by myself in the early part of 1874 I used a 
rubber — with a mouthpiece similar to those employed in speak- 
ing tu 
nt. 27. Whether or not during that winter you devised any ap- 
paratus for reproducing, by means of phonautograph sound tracings, 
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sounds similar to those which had made the tracings; and, if so, 
describe what it was and how it was to operate. 

Ans. I did. A phonautograph tracing was to be drawn on a hol- 
low metallic cylinder so arranged as to be capable of rotating on a 
vertical axis. The tracing was then to be cut so as to form a sinuous 
slit, and air was to be blown through the tracing from a pipe whose 
nozzle was contracted to a vertical slit. A pencil of air would thus 
be expelled at the poirts of .intersection, and the rotation of the 
— would cause this pencil of air to vibrate in the same manner 
as the air had been moved by the voice of the speaker when the 
original tracing had been made. I presumed, therefore, that the 
rotation of the cylinder would cause a sound to be heard similar in 
quality to that which had produced the tracing. 

Int. 28. Did you construct such an apparatus at any time? 
1545 Ans. I did not. 
Int. 29. Did you during the year 1874 use any phonauto- 
graph of an entirely different character from those which you have 
escribed ; and, if so, what was it? 

Ans. I used during the year 1874 a phonautograph which was 
made from a human ear. The middle ear was exposed by dissec- 
tion, and a style of hay was attached to the end of the incus in place 
of the stapes. Upon uttering sounds into the external ear I found 
that the hay attached to the incus vibrated sufficiently to enable me 
to obtain tracings of vocal sounds upon smoked glass. 

Int. 30. Did you during the year 1873 or 1874 devise a receiver 
in which there was a polarized reed and an electro-magnet; and, if 
so, describe it and state when you devised it? 

Ans. In the winter of 1873-74 I devised a receiver in which the 
reeds were to be polarized by being attached to the poles of perma- 
nent magnets, and they were to be placed opposite the poles of 
electro-magnets. My method was to attach one reed to each pole 
of a permanent horseshoe magnet, the free end of each reed project- 
ing over one pole of a horseshoe electro-magnet. Upon this plan I 
— permanent magnet and one electro-magnet for each pair of 

8. 

Int. 31. Where did vou spend your summer vacation in 1874? 

Ans. In Brantford, Ontario, at my father’s house. 

Int. 32. During that summer did you devise a magneto-electric 
transmitter to work without a battery; and, if so, describe it? 

Ans. I did. I saw that the receiver with polarized reeds. which 
I have just described, could be made to produce electrical currents 
if the recds were caused to vibrate mechanically. I therefore de- 
vised an arrangement w'iereby each reed should. be enclosed in a 
bed so arranged that the reed could be set in vibration by wind in 
the ordinary manner as in organ reeds. 

Int. 33. Is the arrangement you have just referred to shown in 
the drawing Fig. 7; and, if so, when and for what purpose was the 
drawing Fig. 7 made? 

Ans. Two pairs of reeds, arranged in the manner referred to, are 
shown in Fig. 7. This drawing was made as part of the preliminary 
statement above referred to. 
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1546 Int. 34. What characteristics of sound did you then under- 
stand that that transmitter would produce from the receiver 
in the apparatus, Fig. 7? 


Fic. 7. (Summer of 1874.) 


Ans. I understood that the vibration of one of the reeds of the 
transmitter would not only cause the forcible vibration of the reed 
of the receiver of similar pitch to itself, but that the amplitude of 
the vibration of the transmitting reed would control the amplitude 
of the vibration of the receiving reed, and hence control the loud- 
ness of the sound produced from the receiver. 

Int. 35. Why and how would the amplitude of the vibration of the 
transmitting reed control the amplitude of the vibration of the re- 
ceiving reed ? 

Ans. I understood from the well-known laws of magneto-elec- 
tricity that a current of electricity would be induced in the coils of 
the electro-magnet E, Fig. 7, when any one of the transmitting reeds 
A moved downwards or upwards, and that the strength of the cur- 
rent would be proportional to the velocity of the motion of the reed. 
I therefore inferred that as the velocity of motion of the reed was 
increased when the amplitude of its vibration was increased, that the 
strength of the current produced by the vibration was also increased. 
In considering the effect upon the corresponding reed A’ of the re- 
ceiver, it was evident that the violence of its vibration depended 
upon the strength of the electrical impulses passed througn the coils 
of the electro-magnet E. I therefore reasoned that the more violent 
the vibration of any transmitting reed the more violent would be 

the vibration of the corresponding receiving reed, and the less 
1547 violent the vibration of the one the less violent the vibration 
of the other. 

Int. 36. In the apparatus with polarized reeds which you have 
been describing, you appear to have had one horseshoe permanent 
magnet and one horseshoe electro-magnet for each pair of reeds; 
did you during the same summer of 1874 devise any plan for 
reducing the number of magnets employed and, if so, what appa- 
ratus did you devise for that purpose? Please illustrate your answer 
by a diagram of it. 

Ans. I did. 

In the apparatus shown in fig. 8, which is one of the illustrations 
to the se statement referred to before, all the reeds were to 
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be attached to the poles of a single horseshoe magnet, and a 2 
elongated straight bar electro-magnet was to be employed. is 
arrangement was devised during my summer vacation in 1874. 


FIG. 8 SUMMER OF 1874 


Int.37. If during that summer you had any ideas concerning the 
transmission of articulate speech by electricity, state by what kind 
of an — you thought to do it and how you expected to oper- 
ate such an apparatus. 

Ans. I was at that time acquainted with Helmholtz’s theories and 
experiments, and believed that any of the sounds of speech could be 
— by producing the musical tones of which such sounds were 

nown to be — with their proper relative intensities. I was 
also familiar with the well-known experiment of articulating to an 
undamped piano. 1 had frequently pronounced vowel sounds in the 
neighborhood of an undamped piano, and had observed that an 
1548 approximation to the vowel uttered was produced by the vi- 
bration of the strings of the piano after my voice has ceased. 
I knew that those strings of the piano which corresponded in pitch 
to the fundamental and upper partials or overtones of the vowel 
uttered had been set sympathetically into vibration with amplitudes 
corresponding to the loudness of the component tones, and that they 
continued vibrating with the proper relations of force for a 
tible time after the voice had ceased, as evidenced by the reproduc- 
tion from the piano of the quality of the sound which had been 
uttered into it. I therefore conceived that a similar apparatus to 
that shown in Fig. 8 could be operated by the voice of a speaker, 
and that a sound would be produced by the receiving apparatus 
shown in Fig. 8 similar in quality to that which had eperated the 
transmitting apparatus. For those reeds or springs of the trans- 
mitting telephone H, Fig. 8, which — in pitch to the fun- 
damental and upper partials of any sound uttered in their neigh- 
borhood, would, like the strings of the piano, be thrown sympatheti- 
cally into vibration, the amplitude of the vibration of the different 
s corresponding to the loudness of the corresponding partial tones, 
and thc reeds of the receiving telephone H’, co nding in pitch 
to the fundamental and upper partials of the sound uttered at the 
transmitting end, would be thrown into vibration with co nd- 
ing relations of force, and a sound would be produced from the re- 
ceiving instrument H’ of similar composition to that uttered at the 
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transmitting end ; hence the quality of the original sound would be 
reproduced. I therefore conceived if the — or rods of the in- 
struments shown in Fig. 8 were made very numerous, and the dif- 
ferences of pitch between adjoining very slight, that a per- 
son might speak in the neighborhood of one of the instruments 
shown in Fig. 8 and his articulation be reproduced by the other in- 
— and that thus vocal utterance could be electrically trans- 
mitted. 

Int. 38. Did you ever build such an apparatus as Fig. 8; and, if 
not, why not? 

Ans. I did not, because of the great number of reeds that would 
be required, and because I saw that the instrument could be very 
much simplified. 

| Int. 39. Did you at any time during that summer conceive 

1549 of any plan by which you could materially reduce the num- 

ber of reeds required in such an apparatus for the transmission 

of speech; and, if so, what was your conception and what modifica- 

tion, if any, did you expect to make in the arrangements for vi- 
brating the transmitting reeds which you did retain ? 


(Objected to as incompetent.) 

Ans. In considering the action of the a shown in Fig. 8 
I saw, however numerous might be the reeks which were set in vi- 
bration by the voice of a speaker, that, as there was only one electro- 
magnet, an effect would be produced in that which would 
— resultant ight — 2 — — and I saw — this re- 
sultant effect might be produced in the y a single 
reed vibrated in such a manner as to — — of all 
the vibrations. I conceived that a single reed. eould be moved by 
the voice of a er in this a manner by attaching ittoa stretched 
membrane and speaking against the membrane. 

Int. 40. What experience had you had in vibrating by means of 
the human voice membranes which were so loadéd or that 
some work had to be done by the sound waves besides moving the 
wien | ane th phonautograph 

ns. e many experiments wi onau s in 
which membranes operated by the human voice had not only moved 
levers of considerable length at a mechanical disadvantage, but had 
caused — — to —— — — work in 
scrapi from ides so as to form enlarged traci 
of — l — — also familiar with Koenig — mano- 
metric flame apparatus, the membrane of which was caused by the 
voice to vibrate against the pressure of gas admitted into the capsule 
from the ordinary gas pipes, so as to create a sensible vibration in 
the flame at the orifice of a capillary tube. At the very time alao 
when this conception occurred to me I was obtaining tracings of the 
vibrations of the bones of a human ear, and I reasoned that the 
disproportion in mass between the tympanic membraneand the bones 
that were moved be was much greater than that existing between 
a membrane like that used in the phonautograph and the reed which 
I proposed to operate by it. : 
(Adjourned to July 9, 1879, atlla.m) oo 


— 


——U— — — 


r 


1598 


1550 Boston, July 9, 1879. 
Int. 41. What is the size of the membrane of the human 
ear? 
* sag The specimen used by me was about the size of a silver half- 
me. 
Int. 42. Did you, at that time, construct the apparatus described 
in your fortieth answer ? 
Ans. I did not. 


Int. 43. Why not? | 

Ans. Because I had the idea that the magneto-electric currents 
produced by the operation of the voice would be too feeble to pro- 

uce practically useful results. 

Int. 44. Did you, during that summer and while in Canada, de- 
scribe to any one that apparatus and communicate to them your 
— — to the transmission of articulate speech by it; and, if so, to 
whom 

Ans. I did. I had many conversations on the subject with my 
father and, I believe, with friends, and I distinctly recollect making 
drawings of the harp arrangement to illustrate the subject to some 

rson or other at my father’s house, in Canada, during the summer 
of 1874; and I remember directing some person’s attention to the 
human ear, with which I was experimenting, as a proof of the cor- 
rectness of my membrane idea. I also have some recollection of 
having a discussion regarding the membrane idea and directing at- 
tention to the massive nature of the bones of the ear when compared 
to the tympanic membrane. I cannot remember these discussions 
with any detail, but simply remember holding this human ear in 
my hand and directing attention to it, as an illustration of some 
theory I was discussing concerning the reproduction of speech by 
electrical means. 

Int. 45. When did you return to Boston after your vacation in 
that summer of 1874? | 

Ans. About the end of September or the first of October. 

Int. 46. Did you, after your return to Boston, describe to any one 
in Boston your harp arrangement or your plan for the transmission 
of articulate speech; and, if so, to whom, when, and where? 

Ans. I did. I described my method for the transmission of 

1551 articulate speech to Dr. Clarence J. Blake, at his office in the 

Hotel Berkeley, a few days after the 21st of October, 1874. I 

also described this method to Mr. Moses G. Farmer, to Prof. Lover- 

ing, and to one of the professors of the Institute of Technology, 

during the latter part of 1874. I also spoke of it to Mr. Thomas 

Sanders, in Salem, Mass., and to Mr. Gardiner G. Hubbard, in Cam- 
bridge, 2 Oetober, 1874. 

Int. 47. Did you, at Dr. Blake’s, upon the occasion referred to in 
your last answer, make any sketches to illustrate your description of 
your inventions; if so, will you please produce them? 

Ans. I did, and I now produce them. 

Int. 48. One of these sheets, which is marked “ No. 7,” contains 
— on both sides; please to state what the figures on the first 
side represent. 
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Ans. The larger figure on that side, which, ſor convenience, I will 
call Fig. 1, though the figures are not numbered in this drawing, re- 
fers to my apparatus for inducing currents of electricity bythe vibra- 
tion of polarized reeds, arranged like organ reeds, to be blown by 
wind, and is the same arrangement shown before in Fig. 7, and re- 
ferred to in my thirty-third answer. The other figure on that side, 
which I shall call Fig. 2, represents an arrangement for increasing 
the effect produced by the vibration of the reeds. I had the idea 
that magnetwo-electric currents generuted by the vibration of a polar- 
ized tongue were very feeble, and, therefore, sought to increase the 
effect by combining together three permanent horseshoe magnets, as 
illustrated in this figure. Two of these permanent magnets, the 
poles of which are marked, respectively, N S, N S, are represented 
as covered with coils of insulated wire, and between the poles of the 
opposite magnets are shown in section the ends of the polarized 
reeds illustrated in plan in Fig. 1 of that side. 

Int. 49. What do the drawings on the other side of this sheet rep- 
resent? : 

Ans. One of them, which I will call Fig. 3, represents a galvanom- 
eter in circuit with a straight bar electro-magnet, over the pole of 
which a polarized or magnetical tongue is placed. This drawi 
was made for the — — of explaining to Dr. Blake the peculiari- 

ties of the electrical current produced by the vibration of a 
1552 magnet in front of an electro-magnet. The other illustration, 

which I shall term Fig. 4, represents the first apparatus I had 
conceived for the transmission of vocal utterance electrically. This 
is the same harp instrument shown before in Fig. 8 and referred to 
in my thirty-sixth answer. 


(Complainants put in the sheet referred to in the last two answers, 
and it is marked “ Complainants’ Exhibit 30,* Dr. C. J. Blake Draw- 
ings, W. P. Preble, Jr., Examiner,” and the figures on it are num- 
bered by the examiner as mentioned by the witness.) 


Int. 50. Did you have any conversation on that occasion with Dr. 
Blake as to whether the human voice could vibrate the membrane 
with attached armature; and, if so, state what, and whether any 
drawings were made by either of you to illustrate that topic. 

Ans. I have a recollection of asking Dr. Blake’s opinion on this 


point, and the impression that I got from his remarks was that it 


could if the membrane were made concave, like that in the human 
ear, and if the end of the armature were attached, not to the centre 
of the membrane, but to a 7 a little to one side, corresponding 
to the point of attachment of the malleus and tympanic membrane 


af the ear. I do not recollect whether any drawing was made of 


this idea at that time, but I remember our discussing the operation 
of the harp arrangement, marked “ Fig. 4” in Exhibit 30, and com- 
paring the apparatus to the organ of corti in the human ear. I 


* The exhibits have been renumbered for the pending case of American Bell Tel- 
ephone Company v. People’s Telephone Company, and the number of said exhibit in 
said pending case is No. 18. 
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remember also that Dr. Blake suggested that a damping arrangement 
would have to be attached to the harp arrangement, and that he 
made a drawing of the manner in which the rods of Corti were 
damped in the ear. 

Int. 51. Vou say that this first conversation on this subject with 
Dr. Blake was soon after the 21st of October, 1874; how do you fix 
that date ? 

Ans. By reference to a letter that I received from him, dated 
Oct. 21, 1874, in which he referred to some letter that he had 
received from Mr. Elisha Gray concerning experiments in tele- 

graphing “vocal” sounds. [I visited Dr. Blake within a day or 
1553 after receiving his letter, and told him that I did not wish to 

see Elisha Gray’s letter, as I was then engaged upon the prob- 
lem of the transmission of articulate speech by electricity, and did 
not wish to be indebted to any one for information upon the sub- 
ject.] I then explained to him my method, and made the drawings 
that have been put in evidence, and made other drawings illustrating 
my system of harmonic telegraphy, for which I was then applying 
for protection in the Patent Office. I know that all these drawings 
— made within a few days after receiving Dr. Blake’s letter re- 
e to. 


Passage in brackets objected to as incompetent. 


Int. 52. When did Mr. Sanders and Mr. Hubbard become inter- 
ested in your inventions for multiple telegraphy ? 

Ans. In the autumn of 1874, shortly after my return from 
Canada. 
Int. 53. Did you have some conversations with Prof. Henry at the 
Smithsonian Institute, in — in February or March, 1875, 
upon the subject of your electrical inventions? 

Ans. I had. 

Int. 54. Did you, at or about the time of that conversation, make 
any memorandum of it; and, if so, in what form and for what pur- 

did you write down the substance of it? ä 

Ans. I did; I wrote an account of my conversation with Prof. 
Henry in the form of a letter, for the information of my parents in 
Canada. 

Int. 55. Was that letter sent to your parents at the time it was 
written ? 

Ans. It was. 

Int. 56. Whether or not the statements contained in that letter as 


to your conversations with Prof. Henry are correct? 


Ans. They are. 

Int. 57. Will you please produce that letter, and read from it, as 
part of your answer, what relates to those conversations, omitting 
the personal and family matters ? 


(Objected to as incompetent.) 
Ans. I produce it, and read from it the following: 


OO” . — 
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1554 “292 Essex Street, SALEM, March 18, 1875. 


“Dear Papa AND Mamma: I have just returned from my trip to 
New York, thoroughly worn out; found your letters of the 14th 
inst. awaiting me. I am now 2 to realize the cares and 
anxieties of being an inventor. In order to complete the apparatus 
as thoroughly as possible, I have decided to give up all professional 
work for some weeks. I have put off all pupils and c until 
the 12th of April. Flesh and blood could not stand much longer 
such a strain as I have had upon me. Professional work is all in 
confusion, and the only way is to cut the Gordian knot and throw 
up everything till the end is achieved. I long to write full accounts 
to you, and I have delayed writing in order to give a connected nar- 
rative of the whole. You seem to think that my anxieties are over, 


when in truth they are really only beginning. 


“ Before entering upon explanations, let me ask you first to hunt 
over all my old letters that you have preserved for everything bear- 
ing on the telegraph. Forward to me at once as evidence. I must 
take action at once in regard to foreign patents. Will you or uncle 
help me in this? 

“What I would like is this: I have written to my lawyers in 
— to make application for foreign patents on my own 

nsibility. 

“Should I prove unable to pay for these applications at once, will 
you help me? While these applications are being got out I shall 
write to the Herdmans, offering them a share if they will take the 

uniary burden of any interference, etc., that may arise abroad 
rom Mr.Gray. Should they decline, which I should think unlikely, 
I should of course relinquish a foreign contest. 

Whenever I am free to dispose of my ineerest in the invention 
I shall do so, and then you may expect to see visible speech 
ahead. I can then take up the electro-motor, which I think as val- 
uable an idea as this telegraph. 

* * * Now to resume telegraphy. When I was in — gw 
I had a letter of introduction to Prof. Henry, who is the Tyndall of 

America. I had found on inquiry at the Institute of Tech- 
1555 nology that some of the points I had discovered in relation 

to the application of acoustics to telegraphy had been pre- 
viously discovered by him. I thought I would, therefore, explain 
all the experiments, and ascertain what was new and what was old. 
He listened with an unmoved countenance, but with evident 
interest, to all; but when I related an experiment that at first sight 
seems unimportant I was startled at the sudden interest manifested. 

„I told him that on passing an intermittent current of electricity 
through an empty helix of insulated copper wire a noise could be 
heard proceeding from the coil, similar to that heard from the tele- 
— He started up—said, ‘Is that so? Will you allow me, Mr. 

ll, to repeat your experiments, and publish them to the world 
through the Smithsonian Institute, of course giving you the credit 
of the discoveries? 

“T said it would give me extreme pleasure, and added that I had 
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apparatus in Washington, and could show him the experiments my- 
self at any time. He asked if I could do it then, if he went with 
me, and I told him that I had everything in readiness at Mr. Hub- 
bard’s house. He said, ‘I will go with you now. Have you a car- 
riage here?’ I had not, and so he put on his coat and was about to 
order his carriage, when I offered to save him the trouble of going 
out on such a raw, damp day by bringing the . . to the 
Smithsonian Institute. (He was suffering from a cold, and besides 
is very aged—I believe about eighty years old.) 

„We appointed noon next day for the experiment. I set the in- 
strument working, and he sat at a table for a long time with the 
empty coil of wire against his ear, listening to the sound. I felt so 
much encouraged by his interest that I determined to ask his advice 
about the apparatus I have designed for the transmission of the 
human voice by telegraph. Lexplained the idea and said, What 
would you advise me to do, publish it and let others work it out, or 
attempt to solve the problem myself?’ He said he thought it was 
the germ of a = invention, and advised me to work at it myself 
instead of publishing. I said that I recognized the fact that there 
were mechanical difficulties in the way that rendered the plan im- 

practicable at the present time. I added that I felt that I had 
1556 not the electrical knowledge necessary to overcome the diffi- 
culties. His laconic answer was, ‘ Get it.’ 

J cannot tell you how much these two words have encouraged 
me. I live too much in an atmosphere of discouragement for sci- 
entific pursuits. Good —— is unfortunately one of the cut bono 
people, and is too much in the habit of looking at the dark side of 
things. Such a chimerical idea as telegraphing vocal sounds would 
indeed to most minds seem scarcely feasible enough to spend time 
in working over. I believe, however, that it is feasible, and that I 
have got the cue to the solution of the problem. 

“ Prof. Henry seemed to be much interested in what I told him, 
and cross-questioned me about my past life, and specially wanted to 
know where I had studied physics. . . . 

“ Having left Prof. Henry and Washington, I proceeded to New 
York, where I saw Mr. Orton and Mr. Prescott, the electrician. 
Arrangements are made for me to bring my instruments to New 
York and experiment on a real line wire. 

“T left Boston last Sunday and called at the office of the Western 
Union on — Mr. Orton and Mr. Prescott both devoted a 
large portion of their time in discussing with me the whole plan 
from its theoretical point of view. Mr. Smith, the manager of the 
experimental room, was absent from town, but was telegraphed for. 
He replied that he could not come till next morning. Tuesday fore- 
noon we had batteries connected, and I tuned up my instruments. 
They went like clockwork. I have come to the conclusion that by 
a happy chance they are much more perfect than I thought at first. 
The signals are as clear, sharp, and rapid as with the ordinary Morse 
sounder. I connected two transmitters and two receivers on only 
one line, and two messages were sent simultaneously. 

“ We had 100 cells of a battery, and all went well on our artificial 
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circuit. Mr. Prescott then said he would like to see them tried on a 
real line wire. He telegraphed to Philadelphia to have two wires 
crossed there so as to _ us 8 ) a continuous wire from 
New York to Philadelphia and back. The electro-magnets I em- 
ployed were not intended for trial on a long line. They were wound 
with coarse wire and the ‘ resistance’ was only ‘3 ohms.’ Ordinary 

electro-magnets for actual service on a line have a resistance 
1557 of about to 600 ohms. None of us, therefore, expected 

the instruments to work without stronger —— But they 
did work. The signuls, though feeble, came sharply and concisely 
through the 200 miles of line wire!!! I su trying stronger 
magnets; so Mr. Prescott ordered the instruments to be taken to the 
walther and stronger magnets placed on them. They were to be 
ready in the afternoon; so I went out to dinner and returned in a 
couple of hours. 

8 will form subject for next letter. 
„With fond love, your ever affectionate son, 


“Prof. A. M. Bell, Brantford, Ontario.” 


(The original letter is marked for identification by the examiner, 
with his initials and the date, July 9, 1879, on each of the five 


“ALECK. 


leaves.) 


Int. 58. What do you mean by the plirase visible speech in 
that letter. 

Ans. Visible speech” is the name of my father’s system of 
physiological symbols, which I was using us a means of teaching 
articulation to the deaf, and has no reference to electricity or 
telegraphy; 

Int. 59. The letter refers to an interference with Mr. Gray. Were 
you then in interference with him at the Patent Office; and, if so, 
upon what subject ? 

Ans. I was then in interference with Mr. Elisha Gray upon the 
subject of harmonic multiple telegraphy. | 

Int. 60. The letter refers to an exhibition which you made in the 
presence of Mr. Orton and Mr. Prescott, of the Western Union Tele- 
graph Company. What kind of apparatus or system was the subject 
of that exhibition ? 

Ans. The experiment was made to illustrate my method of mul- 
tiple transmission of telegraphic messages. 

Int. 61. Whether or not you occupied yourself in studying and 
experimenting upon your electrical inventions during the spring 
and summer of 1875? 

Ans. I did. 
1558 Iut. 62. Did you, at the time of its date, May 4, 1875, write 
and send to Mr. Gardiner G. Hubbard a letter which is now 
shown you, and which was referred to and identified in the deposi- 
tion of Mr. Hubbard on pages 431 * and 440 of the record? 


* These references are to the pages of the printed record in the suit Bell Telephone 
Company v. Dowd. 
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Ans. I did. 
Int. 63. Please to read from it, as part of your answer, that 
af it which begins at the top of the third page, and from thence to 
the end. 
( (Objected to as incompetent.) 
Ans. I do so. It is as follows: 


„SALEM, Mass., May 4, 1875. 
“Dear Mr. Hubbard: 

“* ** Letter received from Mr. Pope, with directions for pre- 

paring paper. Letter received from Prof. Henry, of the Smithsonian 

nstitute, in answer to one I wrote him some time ago telling him 
of recent — undertaken in order to determine the cause 
of the sound heard from the empty helix of wire. 

“The deduction I had made from the experiments was that an 
intermittent current of electricity creates a molecular vibration in 
the conductor through which it is passed. Prof. Henry writes that 
he believes that my experiments are new, and that my explanation 
of the cause of the sound is in his opinion correct. 

“An experiment, which I have long desired to make, is at last 
within my reach. My friend, Don Manuel Fenollosa, whose music 
rooms are next door to this house, is to allow me to experiment with 
his pianos. I shall carry a wire from my study into his room to- 
morrow, and try the effect of passing an intermittent current 
through the strings of a piano. Unless I am greatly mistaken the 
string, whose rate of movement coincides with the molecular vibra- 
— — in the wires by one of my transmitters, will resound 

oudly. 

“Another experiment has occurred to me which, if successful, 
will pave the way for still greater results than any yet obtained. 

The strings of a musical instrument in vibrating undergo 
1559 great changes of molecular tension. In fact, the vibration 
represents the struggle between the tension of the string and 
the moving force impressed upon it. I have read somewhere that 
the resistance offered by a wire to the ge of an electrical cur- 
rent is affected by the tension of the wire. If this is so, a continuous 
current of electricity passed through a vibrating wire should meet 
with a varying resistance, and hence a pulsatory action should be 
induced in the current. If this turns out to be the case the oscilla- 
tions of the current should correspond in amplitude, as well as in 
the rate of movement, to the vibrations of the string. One conse- 
uence would be that the timbre of a sound could be transmitted. 
he plan for transmitting timbre that I explained to you before— 
viz., causing 13 magnets to vibrate in front of electro-mag- 
nets—is chiefly defective on account of the feebleness of the induced 
currents. If the other plan is successful the strength of the current 
can be increased ad libitum without destroying the relative intensi- 
ties of the vibrations. 
“Yours, respectfully, A. GRAHAM BELL. 


86 6 ry ® 2 
» Gardine 8 1 ve. Mass.“ 
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Int. 64. In the letter of May 4 you of certain experiments 
which you propose to try, one of which you su would cause 
pulsations or oscillations in the electrical current by means of vary- 
ing the resistance of its conductors, and you say that one conse- 
quence would be that the timbre of a sound could be transmitted ; 
how did you expect that this variation of resistance would repro- 
duce the timbre of a sound? 

_ Ans. The experiment referred to was tried a day or two after the 
4th of May. I expected that an instrument constructed with a large 
number of wires, arranged as in a piano, could replace the trans- 
mitting-harp arrangement shown in Fig. 8 and referred to in my 
thirty-sixth answer. I had the idea that magneto-electric currents, 
generated in the way shown in Fig. 8, would be too feeble for prac- 
tical | purposes, and conceived that a more powerful and similar effect 
could be produced by keeping the electro-motive force of my circuit 

constant and interposing a varying resistance. I thought 
1560 that upon speaking to a harp arrangement of stretched wires, 

through which a continuous current of electricity was ; 
that the strings corresponding in pitch to the musical. constituents 
of the sound uttered would be thrown sympathetically into vibra- 
tion, and that the — — of the vibration of each string would 
correspond. to the loudness of the corresponding ial tone of the 
sound uttered, and that the battery current would meet with a vary- 


ing resistance on account of the — ng tension of the wires through 


which the current was passed, and that the variations in the 
of the current thus produced would cause the vibration of those 
reeds of the receiving-harp arrangement shown in Fig. 8, which 
corresponded to the stretched strings which were vibrated by the 
voice, and that the amplitude of the vibration of each reed would be 
dependent upon the amplitude of the vibration of the correspondi 
stretched string, and that thus the — of the sound produ 
from the receiving- reed arrangement would be similar to the qualit 
or timbre of the sound — — —— — of the stretched. 
string harp arrangement. ought that it might be possible 
to * 9m altogether with the reed arrangement shown in Fig. 8, 
and that a stretched-string harp arrangement might be used as a 
receiver; for I believed at the time this letter was written that the 
of a varying current — - a conducting wire occasioned 
1 ——— vibration in that conductor, and I therefore thought 
that the varying current from a stretched- string transmitter 
would, when passed through the strings of another similar apparatus, 
occasion a molecular vibration in those strings, and that the strings 
of the receiver which were in unison with the vibrating strings of 
the transmitter would be thrown into sympathetic vibration by the 
molecular changes, and that the amplitude of the vibration of each 
of those strings would be dependent upon the amplitude of the vi- 
bration of the corresponding strings of the transmitter, and that thus 
a sound would be produced from the receiver of similar quality or 
timbre to that which occasioned the vibration of the wires of the 
transmitter. I further thought that a single wire could be used in 
place of the single reed of my membrane arrangement. My idea 
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was to stretch a wire parallel to the surface of my stretched 
1561 membrane, and to attach the centre of the membrane to the 
wire. I presumed that upon speaking to the membrane the 
wire would be forced into vibration, and that the changes of tension 
would produce an effect upon the continuous current passed through 
the wire similar to the resultant effect produced by the stretched- 
string harp transmitter, and that the quality or timbre of the sound 
uttered against the membrane could be produced from a reed-mem- 
brane receiver or from a stretched-wire receiver similar to the trans- 
mitter employed. I was quite familiar with the fact that the ele- 
ments of speech differ from one another in timbre, and when I speak 
in this letter of my “plan for transmitting timbre” I mean my 
method of transmitting articulate speech. 
Int. 65. What advantage is it in a system of multiple harmonic 
telegraphy to transmit quality as well as pitch of sound? 
Ans. No advantage whatever. 
Int. 66. This letter of May 4, 1875, speaks of having received a 
letter from Mr. Pope about some pre per. Was that Mr. 
Frank L. the electrician of the Western Union Telegraph Com- 


pany, and what did you want pre per for at that time? 
Ans. I believe that was Mr. Mank I. Pope, electrician of the 


Western Union Telegraph Company. I wanted to obtain chemi- 


cally prepared paper for use in my system of autographic tel hy, 
— ey I obtained letters patent of the United States in — 6, 

Int. 67. Please look at the letter now shown you, dated May 24, 
1875. State whether you wrote it and sent it to your father at the 
time of its date; and, if so, read it as part of your answer. 


(Objected to as incompetent.) 
Ans. I did, and I now read it: 


“ SaLEM, Mass., May 24, 1875. 

“Deak Papa aND Mamma: I am so immersed in telegraphy and 
science that I find it impossible to write freely about anything else, 
but I feel that at the present time you can scarcely be inclined to 
listen to anything I have to say on such subjects. 

“Since I gave up professional work and devoted ae exclusively 

to telegraphy I have been steadily gaining health and strength, 
1562 and am now in a fit state to encounter Mr. Gray or any one 

else. The patents that have been granted to me without op- 
position are— 

“1st. The principle of converting a vibratory motion into a per- 
manent make or break of a local circuit. 

“2d. The special form of ‘vibratory circuit breaker’ put in illus- 
tration. 

“3d. The autograph telegraph. 

“The autograph arrangement is rapidly approaching completion. 
Already I can copy handwriting quite legibly, though not yet neatly. 
The rate of transmission by means of my instrument will y 
ten times more rapid ban Eakewell’s Autograph Telegraph,’ in 
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which the rate is 300 letters per minute. When 3,000 letters per 
minute can be sent my telegraph will be the most rapid as well as 
the cheapest. | 

“Every moment of pe ney is devoted to study of electricity and 
to experiments. The subject broadens. I think that the transmis- 
sion of the human voice is much more nearly at hand than I had 
supposed. However, this is kept in the ba und just now, as 
every effort is to be made to complete the autograph arrangement, 
so as to have it used on some line. 

“The two patents for the transmission of musical notes are not 
decided yet. I can’t understand why the interference should not 
have been declared before this. Here are some late discoveries: 
1. The current from one of my instruments th h an iron 
wire causes a musical note to issue from the wire. 2. same 
effect is produced by passing the current through a piece of carbon. 
3. Ditto when it is forced through the plum of an ordinary 
lead pencil!!! No similar effects noted yet with copper, brass, 
or mercury. 

“A still more curious phenomenon is the following: 

“Two thin strips of brass (A and B) are connected with the wires 
wae from my transmitting instrument T and from the battery. 
On holding A to my ear I hear nothing, but the moment that I 
— my r a musical note is heard to proceed from 
A 


“Truly, the more I study electricity and magnetism the more I 
feel the truth of Hamlet's saying, ‘There are more things,’ etc. 

“I fear that this telegraphic business may force me to re- 
1563 main the greater portion of the summer here, but I cannot 


— 
— 


tell yet, so many details have to be worked out. My inex- 
perience in such matters is a great drawback. However, Morse 
conquered his electrical difficalties al he was only a painter, 
and I don’t intend to give in either till all is completed. 
“With dear love, 
“ Your affectionate son, 
“ALECK.” 


— — ——— 
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(The original is marked by the examiner with his initials and the 
date July 9, 1879, for identification.) 5 

Int. 68. Did you try at Mr. Fenollosa’s rooms the experiment 
proposed in your letter to Mr. Hubbard of May 4; and, if so, with 
=~ eens h posed within a da f th 

Ans. I tried the experiments pro within a or two of the 
letter to Mr. Hubbard. I first 2 an — 1 current from 
a current interrupter through that string of a piano which seemed 
to be in unison with the interrupter, and observed whether the 
string was thrown into sympathetic vibration. It was not. I then 
listened very closely to the piano, for the purpose of ascertaining 
whether any noise proceeded from the wire. I heard the pitch of the 
interrupter, but whether the sound was transmitted through the air 
from the adjoining house or proceeded from the string in question 
I was not able to satisfy myself. A continuous current was then 

ed through one of the wires of the piano, and through 
1564 the coils of an electro-magnet in the adjoining house. Over 
the pole of that electro-magnet projected the free.end of a 
steel reed, which was tuned to the pitch of the string. ‘The string 
of the piano was then set in vibration by depressing the proper key 
of the piano, and the effect upon the reed noted. The reed was not 
thrown sympathetically into vibration. Upon placing my ear 
against the steel reed I could hear very faintly the tone of the string, 
but I was unable to satisfy myself whether the sound I heard was 
electrically produced or had been transmitted mechanically to my 
ear. The piano was in an adjoining house, and the sound was 
faintly audible in the room where I tried the experiment. 

Int. 69. Have you since that day ever tried to work a telephonic 
receiver by vibrating a stretched wire through which a continuous 
current of electricity was passing on to the main line in the manner 
proposed in your letter of May 4? And, if so, describe such experi- 
ment with its results, and state when you made it. 

Ans, I have made the experiment, but I cannot at the present 
moment fix the exact date. My impression is it was during the 
month of February of the present year; at any rate, it was during 
this present year. I passed a continuous current through a fine 
stretched iron or steel wire which was placed in one of the rooms 
in Mr. Williams’ building, 109 Court street. The circuit was con- 
tinued into another room, and the current through the coils 
of an ordinary hand telephone. While I listened at the telephone 
Mr. Edward Wilson kept plucking the stretched wire. I heard dis- 
tinctly from the telephone a musical tone each time the wire was 
plucked, and recognized, moreover, the peculiar quality or timbre 
of the wire. I satisfied myself, by short-circuiting the telephone 
and by breaking the circuit, that the sound I — had been elec- 
trically produced. 

Int. 70. Please look at the letter now shown you, dated June 2, 
1875, which is one of those identified in the deposition of Mr. Hub- 
bard, pages 431* and 440. State whether you wrote it and sent it 


These references are to pages of the printed record in the suit Bell Telephone 
Company v. Dowd. 
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to Mr. Hubbard at the time of its date; and, if so, read it as a part 
of your answer. 


(Objected to as incompent.) 
1565 Ans. I did, and I now read it: | 
“Satem, Mass., June 2, 1875. 
“ Dear Mr. Hubbard: 


“I have accidentally made a discovery of the very greatest im- 
rtance in to the transmitting instruments. Indeed, so 
important does it seem to me that I have written to the organ fac- 
— to delay the completion of the reed arrangement until I have 
the opportunity of consulting you. 
I have succeeded to-day in transmitting signals without any bat- 
tery whatever! 
“The musical note produced at the receiving end was sensibl 
the equivalent of that at the transmitting end in loudness as well 


as pitch. sa 
N I shall call upon you to-morrow (Wednesday) evening, as there 
are a I wish to talk over with you. 
n 


4 Yours, respectfully, , 


„Gardiner G. Hubbard, Esq., 
“ Brattle street, bridge.” 


Int. 71. Did you, on the 2d of June, 1875, perform the experiment 
stated in that letter? And, if so, state where, and describe the ex- 
periment fully. 

Ans. I did. The experiment was made in the upper part of Mr. 
Williams’ building, No. 109 Court street, in two small rooms that 
Mr. Williams had allowed me to use for experimental pu I 
was carrying on a series of experiments for the purpose of perfect- 
ing for practical use my system of autograph telegraphy, which was 
a development of my harmonic telegraph. I had arranged three 
experimental stations upon a single line wire, which for conveni- 
ence of reference I shall designate A, B, and C. At station A were. 
arranged a number of current interrupters, whose rates of vibra- 
tion were different, and a number of telegraph keys corresponding 
to the interrupters. By the depression of any key the intermittent 
current from the corresponding interrupter was directed on to the 

line wire to the stations B and C. At each station, B and C, 
1566 were placed harmonic receivers corresponding in pitch to the 

interrupters at station A. Each receiver consisted of a horse- 
shoe electro-magnet, to one pole of which was clamped one end of a 
steel reed, the free end of which projected over the other pole of the 
magnet. A coil of insulated wire surrounded that leg of the 
et which was presented to the free end of the reed. Stations 
A and B were in one.room and station C in the adjoining room. I 
took ch of stations A and B during the experiment referred to, 
and Mr. Thomas A. Wetson took c of station C. We were 
making an experiment to ascertain the receiving reeds were 


—— — eR E 


“A.GRAHAM BELL. 


properly tuned to their correspondin 
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interrupters, and whether 


the operation of one interrupter interfered with that of the others 
when the keys were simultaneously depressed. I pressed down one 
key at station A, and observed whether * — reed at station B 


was thrown into forcible vibration, and Mr. 
r reed of station C was similarly affected. Upon trying 


the pre 
all the keys in succession it was found that one of the receivers at 


atson observed whether 


station C failed to respund. As we very often found that the mag- 
nets of the receivers were so closely adjusted to the reeds that the 
reeds would stick to the pole when a powerful current was passed I 
thought that this might be the cause of the failure in the present. 


case. I therefore called out to Mr. Watson to plack the 


his finger. He did so, and I imagined that the corresponding reed 


s with 


of station B was thrown momentarily into vibration. I was struck 
by this, as I had not depressed the key of the corresponding inter- 
rupter and could not see where the current came from to operate 
that receiver. I therefore requested Mr. Watson to pluck the reed 


at station Ca number of times, and found that I h 


not been mis- 


taken in my observation. To test the matter still further I removed 
station A from the circuit altogether, and connected the receivers of 
B and C upon a closed circuit without any battery. Upon plucking 


with the fi 
ponding 


r any reed of station C it was found that the corres- 
of station B was thrown into sympathetic vibration, 


and vice versa. I then requested Mr. Watson to pluck one of the 


reeds of station C a number of times, while I pla 


all the reeds of station B in succession. 


I 


ph | 
could hear from 


hear from 


1567 each reed the peculiar tone of the reed plucked at station ©, 


roduced. 


and 


ized that the timbre of the plucked reed had been 
e then placed a single receiver at station C in circuit 
with a single receiver at station B, and repeated the experiments. 
The results were much more marked. Upon plucking 


e reed at 


station C its sound was reproduced by that at station B, and upon 


plucki 


station 


ng the reed at station B its sound was reproduced by that at 
When the two reeds employed were in unison with one 


another the plucking of one resulted in the visible vibration of the 


tery was 


-other, the amplitude of vibration often being considerable. No bat- 
— Upon placing a battery in the circuit the same 


effects were observed and the results were more marked. 
(Adjourned to July 10, 1879, at 10 a. m.) 


Boston, July 


10, 1879. 


Int. 72. When you used the apparatus without a battery, as stated 


in your last answer, what generated the electrical impu 
went over the line wire and vibrated the receiver? 
Ans. I presumed that the electro-magnets and reeds were weak 
ets on account of the residual magnetism caused by 
vy battery currents through the coils, and that 
the vibration of the reed, when plucked by the finger, had occasiohed 


perinanent m 


the passage of 


a 
had intended to prod 
arrangement devises 


which 


ectric current upon the circuit similar to that which I 


uce by the vibration of the reeds of the harp 
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Int. 73. Did you at that time, in June, 1875, attempt to generate 
these currents by vibrating a regular permanent steel magnet in 
front of a soft-iron core wound with coils of wire when there was 
no battery on the circuit? And, if you have the permanent magnet 
which you used, please produce it. 

Ans. I did, upon the 2d of June, 1875, and I produce the 
manent magnet then employed. The framework now attached to 
the magnet was not used at that time. The instrument was arran 
in its present condition for the Centennial Exhibition at Philadel- 
phia in 1876. 

Int. 74. Did you subsequently to this experiment of June 2, 1875, 
construct any apparatus for the purpose of vibrating a reed by the 

human voice in front of the poles of an electro-magnet; and, 
1568 if so, describe the first apparatus of that kind which you 

constructed, and state what induced you to construct it. If 
you have that instrument or any part of it please produce it. 

Ans. Idid. The experiments made on the 2d of June, 1875, re- 
ferred to above, solved the difficulty that had been in my mind 
since the summer of 1874, in regard to the practical operation of 
the various instruments I had devised for the reproduction of vocal 
utterance by electrical means. I had had the idea that magneto- 
electric currents generated by the vibration of permanent magnets 
or reeds would be too feeble to produce any 1 practical results. 
But the experiments above described assured me that I had been 
mistaken in this idea, and I immediately, upon this same 2d of 
June, 1875, gave instructions to Mr. Watson to have my membrane 
arrangement constructed. One of the reeds employed in our ex- 
periments upon that day was to have been hi to the pole of its 
electro-magnet, instead of being clamped, and the free end of the 
reed was to have been attached to the centre of a stretched mem- 
brane; a duplicate was to have been constructed as a receiver. One 
of the instruments was constructed within the next few days; but 
instead of hinging the steel reed, as I had intended, Mr. Watson 
used a thick armature, which was pivoted to the pole of its electro- 
magnet. Portions of this instrument are still in existence, and I now 

roduce them. I produce a duplicate of the original instrument. 

his duplicate has recently been constructed. The armature now 
upon the duplicate instrument is thinner than the original arma- 
ture, and I now produce a duplicate of the original armature. 
The parts of the original instrument which I have are as follows: 
The wooden ring and wooden tube upon which the membrane 
was stretched, the original armature and electro-magnet, and the 
cross bar to which the magnet was attached. The uncovered leg of 
the magnet, to which the armature was attached, was removed a 
day or two after the original instrument was constructed and an- 
other substituted for it. The pole of the uncovered leg was filed to 
an edge, and a steel reed was hinged to it by means of a strip of 
leather. —— — is the one now attached to the original 

uced. 
Int. 75. Please state whether the uncovered leg of the electro- 
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magnet, now on the duplicate, is constructed like either of those 
described in your last answer; and, if so, which. 
1569 Ans. It is constructed like the original first made. 

Int. 76. Please look at the wooden ring and stretched mem- 
brane now shown you, and state what difference, if any, there is be- 
tween that and the ring and membrane now on the duplicate. 

Ans. The rings are precisely similar. The membrane shown is 
made of sheepskin, and is somewhat thicker than the goldbeater’s 
skin in the duplicate, and it is fastened to the ring by a wire tied 
round the groove of the ring instead of a string. 

(The duplicate and the extra armature and the extra ring and 
membrane referred to by the witness in the last three answers are 
put in evidence by the complainants, marked respectively “ Exhibit 
19,* Bell Telephone of 1875, Duplicate,” “ Exhibit 20, Bell Tele- 
phone of 1875, Sheepskin Diaph „and Exhibit 21, Bell Tele- 
phone of 1875, Heavy Armature, W. P. Preble, Jr., examiner.“) 

Int. 77. How soon aſter the 2d of June was the instrument de- 
scribed in your seventy-fuurth answer made, when and where was 
it tried, and with what results? 

Ans. I was anxious to try the instrument at once, and could not 
wait to have the duplicate receiver made; so, immediately upon its 
construction, I attempted to use it with one of my harmonic receivers. 
Upon passing a battery current through the coils of the instruments, 
however, the attraction of the magnet was so tas to tear the 
heavy armature away from the membrane. Mr. Watson and I made 
a number of experiments with other membranes in place of the 
original, and I remember that we were enabled to use the instru- 
ments for a practical experiment at least upon one occasion. The 
stretched membrane arrangement was placed in one of the rooms in 
the top part of Mr. Williams' building, and an ordinary harmonic reed 
receiver in the lower workshop. I do not now remember whether 
any battery was used, but it is my impression that in consequence of 
the accidents to our membranes we made the experiment without a 
battery. I distinctly remember shouting into the stretched mem- 
brane instrument, while Mr. Watson was downstairs listening with his 

ear pressed against the reed of the harmonie receiver. I do not 
1570 remember definitely what the results were, excepting that I 

was encouraged by them to reconstruct the instrument with 
a lighter armature. I cannot fix the exact date of the experiment, 
and only know that it was during the month ef June, 1875. 

Int. 78. What difficulty did you find from the heavy armature 
which led you to try a lighter one? ä 

Ans. The armature was so strongly attracted by the electro- 
magnet as to be frequently torn from the membrane, and I presumed 
that a lighter armature would not only be less attracted, but would 
also be more easily moved by the membrane and would not be so 
liable to become detached. 

Int. 79. Please look at the letter dated June 28, 1875, which is 


* These are the new numbers adopted for the suit American Bell T Com- 
pany r. People’s Telephone Company. The original numbers were 31, 32, 33. 
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now shown you, and which was one of those which were identified 
in Mr. Hu 's deposition, pages 431 and 440.“ State whether 
you wrote and sent it to him at or about its date; and, if so, read it 
as part of your answer. 


(Objected to as incompetent.) 
Ans. I did, and I now read it. 


“Savem, Mass., June 28, 1875. 

“ Dear Mr. Hupparp: Mr. Hutchings (theo builder) kind] 
devoted the whole of this afternoon to the — apes 
reed for me. 

“ One of the latest receiving instruments was enclosed in a wooden 
box, and had its armature so arranged as to be set in vibration by a 
current of air passed through the box. The instrument was com- 
pleted this evening in time for trial. Mr. Hutchings operated the 
reed in a little room upstairs (Williams' office), while I observed 
building. ‘The — that I found it unneceosary 

ilding. e sound was so perceptible itu 
— — — The vibration of the arma- 
ä R —-— anne ie 

“No battery nor permanent was i 

eo —— of increasing the — 

i ill reveal a meansof i i intensity of 
1571 induced currents. I am told that Prof. ing has one of 
Wilde’s instruments in his possession, so I shall upon him 
to-morrow for information ing it. 

“ Prof. Pickering has left town for the summer. I 
the steel reed still altered to-morrow, so shall 
the organ factory (Hutchings, Plaisted & Co., Cambri 
— — — — aſternoon, instead of at Willi 

in the evening report progress. 
“ Yours, respectfully, A. GRAHAM BELL. 


Gardiner G. Hubbard, Brattle street, Cambridge. 


P. 8—The experiment referred to above was repeated, when a 
si cell of a had been placed in a circuit. The ampli- 
tude of vibration of the armature downstairs was qui enough 
to work the vibratory circuit-breaker. We were unable to try 


ree wer on account of the sticking of the 
— hen the instrument is altered to-morrow I shall try 


higher battery power and test the resistance through which the cur- 
rent will pass. 1 


Int. 80. Did you, before writing that letter, perform the experi- 
1 escribed with the results therein stated? 
ns. . 


These references are to pages of the printed record in the suit Bell Telephone 
Company v. Lowd. 


4 
8 
- 
Tes atl 
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Int. 81. The letter speaks of the production of sound when no bat- 
tery and no permanent magnet was used ; what generated the elec- 
tric current or impulse in that case? 

Ans. The vibration of the armature acting upon the residual 
magnetism of the electro-magnet and armature. The instrument 
had been previously used in connection with a battery, and the core 
of the electro-magnet and the armature retained a slight magnetic 
condition. 

Int. 82. During the month of June, 1875, and before the construc- 
tion and use of the second membrane telephone, did you try any ex- 
periments in which electric currents were generated or effected by 
the vibration of a reed in front of an electro- magnet; and, if so, to 

what extent and for what purpose ? 
1572 Ans. I was constantly occupied during the month of June, 
1875, in experimenting to ascertain the best arrangement of 
coil, magnet, and armature for generating electric currents in the 
manner indicated. 

Int. 83. Please look at the letter now shown you, dated July 1, 1875, 
which is one of those identified in Mr. Hubbard’s deposition, 

431 * and 440, and state whether you wrote it and sent it to Mr. 
Hubbard at or about its date; and, if so, read it as part of your 
answer. 


(Objected to as incompetent.) 


Ans. I did; and I now read it. 
„SALE, Mass., July 1, 1875. 
“Dear Mr. HunnanD: The experiment to which I alluded when I 
saw you last promises to be a grand success. On singing this after- 
noon in front of a stretched membrane attached to the armature of 
an electro-magnet, the varying pitch of the voice was plainly per- 
ceptible at the other end of the line, no battery nor permanent mag- 
net being employed. When the vibrations are received upon another 
stretched membrane in place of a steel spring, it is possible nay, it 
is probable—that the ‘timbre’ of the sound will be perceived. I hope 
to try the experiment to-morrow afternoon. 
“This morning, in dipping into a French work upon telegraphy. 
I came across a full description of the ‘ Typo-Télégraphe de 
Bonelli.’ I find it to be identical with our autograph arrangement, 
save that five telegraph wires are required instead of one for trans- 
mission. 
“ Bonelli gets over the difficulty of prepared ink by setting up his 
message in type. The brush of wires is passed over the raised sur- 
face of the letters, securing perfect contact at the proper places. 
1573 “I have an engagement to meet Prof. Lovering to-morrow 
morning at ten o'clock, and shall call upon you before return- 
ing to town. 
“With kind regards, yours respectfully, 
“A. GRAHAM BELL. 


“Gardiner C. Hubbard, Esq., Brattle street, Cambridge.” 


These references are to pages of the printed record of the suit Bell Telephone 
Company v. Dowd. = 
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Int. 84. Did you, at or about the date of that letter, cause to be 
constructed a second membrane telephone; and, if so, when, and 
have you any of the.parts of it? 

Ans. The same day I wrote this letter, namely, July 1, 1875, I 
gave instructions to Mr. Watson to have constructed a second mem- 
brane telephone. The instrument was completed a day or two 
— and some parts of it are still in existence, and I produce 

em. 

Int. 85. Have you a duplicate recently constructed in accordance 
= said original second membrane telephone; if so, please pro- 

uce it. 

Ans. I have, and I now produce it. 

Int. 86. Please look at the wooden ring and membrane now shown 
you and state wherein it resembles or differs from the wooden ring 
and membrane now on said duplicate second instrument. 

Ans. It differs from it in the membrane being made of sheepskin 
instead of goldbeater’s skin. ; 
Int. 87. Did your second instrument have the armature hinged to 
the uncovered leg of the magnet, like said duplicate, or did it have 
it attached with a leather hinge, as described in your seventy-fourth 

answer ? : 

Ans. I am not sure, but my impression is that it was hinged with 
a leather hinge. 

(The duplicate instrument and the extra ring and membrane are 

ut in evidence by complainants, marked “Complainants’ Exhibit 

* Second Bell Telephone of 1875, Duplicate,” and “ Exhibit 23, 

Second Bell Telephone of 1875, Sheepskin Membrane.”); 
1574 Int. 88. What were the membranes made of in your orig- 
inal telephones of June and July, 1875? 

Ans. Of goldbeater’s skin, used in single and sometimes double 
thicknesses. 

Int. 89. What is the diameter of the inside ring over which the 
membrane was strained in those two original telephones? 

Ans. The first one is about two and three-quarter inches in the 
clear; the second about two and five-eighths in the clear. 

Int. 90. Did Foe try these two — ones in July, 1875, one as 
transmitter and one as receiver; and, if so, where and with what 
results? 

Ans. I did. One of the instruments was placed in the room at 
the top of Mr. Williams' building and the other in the — 
below. I spoke to one of the instruments while Mr. Watson listen 
at the other, and vice versa. I do not remember with any great dis- 
tinctness the details of the experiment, but I have a distinct recol- 
lection that during the course of the experiments Mr. Watson rushed 
up to the room at the top of the building where I was and informed 
me that he could distinctly hear me speaking, although he could not 
quite make out what I said. He had sati himself that the sounds 
he heard had been produced by the membrane telephone to which 
he had been listening. 


(Objected to.) 


* The original numbers were 34, 36. 
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Int. 91. Was Mr. Wilhams’ workshop a quiet place or a noisy place 
at the time that you tried these experiments? 

Ans. A very noisy — 

Int. 92. What conclusion did you at that time draw from these 
experiments with regard to the practicability of transmitting artic- 
ulate speech by instruments having the same mode of operation and 
principle as these stretched membrane instruments that you had so 
experimented with ? 


(Objected to.) 


Ans. I considered that the experiments demonstrated the practi- 
cability of transmitting articulate speech by instruments having the 
same mode of operation and principle as these stretched membrane 
instruments, and that it was only necessary to make further experi- 

ments to ascertain the best arrangement of the parts. 
1575 Int. 93. Please look at the letter now shown you, which is 
addressed to Mr. Hubbard, dated July 7, 1875, and is one of 
those identified upon pages 431* and 440 of the record. State whether 
you wrote and sent it to him at or about the time of its date; and, 
if so, read it as part of your answer, omitting any parts that relate 
to family matters. 


(Objected to as incompetent.) 
Ans. I did, and I now read it: 
“SaLem, Mass., WEDNESDAY, July 7, 1875. 


Dear Mr. Hubbard: 


* forgot to mention this evening the gratifying results obtained 
with the steel reed. 5 N 


1 
to vilvate by wind. 


“When three cells of a battery were introduced into the circuit 
(as shown in the figure) the armature of the receiving instrument 
vibrated with considerable amplitude. When a damper was ad- 
justed for it to strike against the sound could be heard at a distance 
from the instrument. : 

“The helix at transmitting end had a resistance of about two 
ohms, and yet the vibration of the armature of the receiving instru- 
ment could be detected when a resistance of 100 ohms was introduced 
into the circuit. This seems to me to indicate more power than can 
possibly be due to magneto-electric currents generated by the vibra- 
tion of the reed. 

“ May not a pulsatory action be induced in the voltaic current it- 


* These references are to the pages of the printed record in the suit Bell Telephone 
Company v. Dowd. 5 
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self by the motion of the reed? I can imagine the current alter- 
nately weakened and strengthened according to the distance of the 
armature from the pole underneath. 
“In this case the pulsations would certainly be available for 
1576 our purpose by merely increasing the battery power suffi- 
ciently to overcome the resistance of the line. Magneto- 
electric currents are, however, evident] present, for a sound is per- 
ceptible at the receiving end when the battery is omitted altogether. 
“I think also that the effects are in some way dependent upon the 
peculiar form of electro- employed. I hope to get some light 
on the — — — —— — — to the dis- 
cussion o iarities o in the one- or lame magnet 
(boiteuz), — in his work, as follows: 


2 U 


“He says: ‘Ce genre d’électro-aimant, que j; ai beaucoup étudié et 
le premier employé dans les applications électriques, a beaucoup 
d’avantages dont nous parlerons plus tard, et une force beaucoup 
plus considérable qu’on ne semblerait le croire 4 premiére vue.’ 

. * * * * * * * * 
* Wich kind regards, yours respectfully, 
“A. GRAHAM BELL. 

“Gardiner G. Hubbard, Esq., Brattle street, Cambridge.” 


Int. 94. Please look at the letter now shown you, addressed to 
Mr. Hubbard, and dated Aug. 14, 1875, which is one of those iden- 
tified on 431 * and 440 of the record. State whether you wrote 
and sent it to him at or about the time of itsdate; and if so, read it 


as part of your answer. ; 
(Objected to as incompetent.) 
Ans. I did; and I now read it: 


“Satem, Mass., Aug. 14, 1875. 

“Dear Mr. Hubbard : 
“On glancing back over the line of electrical experiments, I re- 
cognize that the discovery of the magneto-electric current generated 
by the vibration of the armature of an electro-magnet in 
1577 front of one of the poles is the rete atmo point yet 
reached. I believe it is the key to still greater things. 
“The effects produced, though slight in themselves, appear to me 
so great in proportion to their cause that I feel sure that the future 


* These references are to the pages of the ted record in the suit Bell Telephone 
Company a. Dowd. - 
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Int. 91. Was Mr. Wilhams’ workshop a quiet place or a noisy place 
at the time that you tried these experiments? 


Ans. A very noisy — 

Int. 92. What conclusion did you at that time draw from these 
experiments with regard to the practicability of transmitting artic- 
ulate speech by instruments having the same mode of operation and 
principle as these stretched membrane instruments that you had so 
experimented with? 


(Objected to.) 


Ans. I considered that the experiments demonstrated the practi- 
cability of transmitting articulate speech by instruments having the 
same mode of . and principle as these stretched membrane 
instruments, and that it was only necessary to make further experi- 

ments to ascertain the best arrangement of the parts. 
1575 Int. 93. Please look at the letter now shown you, which is 
addressed to Mr. Hubbard. dated July 7, 1875, and is one of 
those identified upon pages 431* and 440 of the record. State whether 
you wrote and sent it to him at or about the time of its date; and, 
if so, read it as part of your answer, omitting any parts that relate 
to family matters. 


(Objected to as incompetent.) 
Ans. I did, and I now read it: 
* SALEM, Mass., WEDNESDAY, July 7, 1875. 


Dear Mr. Hubbard: 


J forgot to mention this evening the gratifying results obtained 
with the steel reed. 


— 
to vibrate by wind. 


“When three cells of a battery were introduced into the circuit 
(as shown in the figure) the armature of the receiving instrument 
vibrated with considerable amplitude. When a damper was ad- 
justed for it to strike against the sound could be heard at a distance 
from the instrument. | 

“The helix at —ů— end had a resistance of about two 
ohms, and yet the vibration of the armature of the receiving instru- 
ment could be detected when a resistance of 100 ohms was introduced 
into the circuit. This seems to me to indicate more power than can 
possibly be due to magneto-electric currents generated by the vibra- 
tion of the reed. 

“ May not a pulsatory action be induced in the voltaic current it- 


* These references are to the pages of the printed record in the suit Bell Telephone 
Company v. Dowd. | a 
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self by the motion of the reed? I can imagine the current alter- 
nately weakened and strengthened according to the distance of the 
- armature from the pole underneath. 
pulsations would certainly be available for 
1576 our purpose by — increasing the battery power suffi- 
- ciently to overcome the resistance of the line. eto- 
electric currents are, however, evident! ——— for a sound is per- 
ceptible at the receiving end when the battery is omitted al er. 
i — — ye the effects are — = dependent upon the 
iar form — 2 employed. ope to get some light 
on the subject from Moncel. He devotes several to the fie 
cussion of liarities observed in the one-legged or ‘ magnet 
(boiteux), shown in his work, as follows : 


(cm ~ £1) 


“He says: ‘Ce genre d’électro-aimant, que j; ai beaucoup étudié et 
le premier employé dans les applications électriques, a beaucoup 
d’avantages dont nous parlerons plus tard, et une force beaucoup 


plus considérable qu on ne semblerait le croire a premiére vue.’ 
Wich kind regards, yours respectfully, 
K “A GRAHAM BELL. 
“Gardiner G. Hubbard, Esq., Brattle street, Cambridge.” 


Int. 94. Please look at the letter now shown you, addressed to 
Mr. Hubbard, and dated Aug. 14, 1875, which is one of those iden- 
tified on pages 431 * and 440 of the record. State whether you wrote 
and sent it to him at or about the time of itsdate; and if so, read it 
as part of your answer. | 


(Objected to as incompetent.) 
Ans. I did; and I now read it: 


“SaLem, Mass., Aug. 14, 1875. 
“Dear Mr. Hubbard : 


“On glancing back over the line of electrical experiments, I re- 

cognize that the discovery of the magneto-electric current generated 

by the vibration of the armature of an electro-magnet in 

1577 front of one of the poles is the most ——ů— point yet 
reached. I believe that it is the key to still greater things. 

“The effects produced, though slight in themselves, appear to me 

so great in proportion to their cause that I feel sure that the future 


* These references are to the pages of the printed record in the suit Bell Telephone 
Company v. Dowd. 
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will discover means of utilizing currents obtained in this way on 
actual telegraph lines. 

“So important does it seem to me to protect the idea that I think 
some steps should be taken immediately towards obtaining a caveat 
or patent for the use of a magneto-electric current, whether obtained 
in the way stated above (by the vibration of permanent magnets in 
front of — or in any other way. I should wish to 
protect it specially as a means of transmitting simultaneously musi- 
cal notes differing in intensity as well as in pitch. 

“TI can see clearly that the magneto-electric current will not onl 
permit of the actual copying of spoken utterance, but of the simul- 
taneous transmission of any number of musical notes (hence mes- 
sages) without confusion. 

“The more I think of it the more I see that the method of mak- 
ing and breaking contact so many times per second is only the first 
stage in the development of the idea. 

“When we can create a pulsatory action of the current which is 
the exact equivalent of the aerial impulses, we shall certainly obtain 
exactly similar results. Any number of sounds can travel through 
the same air without confusion, and any number should pass along 
the same wire. 

“It should even be possible for a number of spoken messages to 
traverse the same circuit simultaneously; for an attentive ear can 
distinguish one voice from another, although a number are speaking 

er. 

“Don’t you think it would be well to take outa caveat for the use 
of the magneto-electric current ? 

“In its present undeveloped state, it might be unwise to let Gray 
know anything about it, unless indeed we could secure the principle 
of it in a patent. 


“Yours, respectfully, 
“A. GRAHAM BELL. 
“Gardiner G. Hubbard, Esq., Cambridge.” 


1578 Int. 95. In that letter you say, “The more I think of it 

the more I see that the method of making and breaking con- 
tact so many times per second is only the first stage in the develop- 
ment of the idea.” To which of your inventions, or to what class of 
apparatus, does that clause refer? 

Ans. It refers to my method of harmonic multiple telegraphy, in 
which Mr. Hubbard was pecuniarily interested. 

Int. 96. Have you within the past fortnight attempted to trans- 
mit articulate speech with the duplicate telephones Exhibits 19, 20, 
21, 22, and 23? And, if so, state when and where and with what 
results. If you used more than one membrane or more than one 
armature with each instrument, state what you used each time. 

Ans. Last Saturday, July 5, I made an experiment with the 
duplicate telephones Exhibits 19 and 22, at No. 40 State street, in 
the two rooms and with the arrangement of circuits described in 
Mr. Cross’ third answer, page 383. The rings with the sheepskin 
membranes were used in the instruments and heavy armatures sim- 
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ilar to that shown in Exhibit 21. I believe the exhibit is one of 
the armatures used. Mr. Watson and I were enabled to carry on 
a conversation by means of the membrane telephones. On Mon- 
day, the 7th of July, the same instruments were taken to Mr. 
Williams’ workshop and placed under as nearly as possible the 
same conditions as the original membrane telephones used in 
July, 1875. Mr. Watson and I attempted to carry on a conver- 
sation by means of the instruments, but were unable to do so. I 
could hear sounds proceeding from the membrane — — at my 
ear while Mr. Watson was king at the other end of the circuit, 
but I could not make out what he said. We could not find a quiet 
ace in Mr. Williams’ building to repeat the experiment under 
avorable conditions, and so carried the instruments to 40 State 
street, and arranged them as we had done on Saturday, the 5th. We 
then found that we could carry on conversation by means of them. 
During the course of our experiment at 40 State street, on Monday, 
the 7th, a fire alarm was struck; and while the bells were ringing, 
and during the intervals between the strokes, we were unable to 
carry on conversation. The results « btained during the ringing of 
the fire bell were similar to those obtained just before, at Mr. 
1579 Williams’ workshop. The battery used at 40 State street con- 
sisted of three small carbon and zinc cells with bichromate of 
potassium solution. The battery used at Mr. Williams’ was of the 
same kind, but consisted of two large cells. Mr. Watson, Mr. Stor- 
row, Mr. Berliner, Mr. J. B. Henck, Jr., and Dr. Clarence J. Blake 
were present at the experiments at Mr. Williams’ workshop, and at 
No. 40 State street, on Monday, the 7th inst. The sheepskin mem- 
branes and heavy armatures alone were used on the 5th and 7th 
instants. On Wednesday, the 9th inst., the goldbeater’s skin mem- 
branes and light armatures were used in an experiment at No. 40 
State street. The instruments were then in the same condition in 
which they are now, and the arrangement of circuit was the same 
as has been already described in Mr. Cross’ deposition. Mr. Wat- 
son and I spoke to one another by means of the instruments. I 
could hear the sound of Mr. Watson’s voice very plainly, and could 
make out a number of words. The articulation was not so distinct 
as with the sheepskin membranes. The articulation of the instru- 
ments when first used was pretty distinct, but the membranes soon 
became damp by the action of the breath, and the articulation was 
then much less distinct. When the distinctness was least, however, 
I could still make out a word here and there of what Mr. Watson 
said at the other end of the circuit. 

Int. 97. In these recent experiments which you have just de- 
scribed, did you hold the instrument so that the armature was sub- 
stantially perpendicular with its hinged end upwards, or in what 
position did you hold it? 

Ans. I held it in the position indicated, and in every other posi- 
tion I could think of, and observed that the position in which the 
instrument was held did not affect the audible results obtained. 

Int. 98. Did you go to Canada for a vacation in the summer of 
1875? . =~ er did you go, and when did you return ? 
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will discover means of utilizing currents obtained in this way on 
actual telegraph lines. 

“So important does it seem to me to protect the idea that I think 
some steps should be taken immediately towards obtaining a caveat 
or patent for the use of a magneto-electric current, whether obtained 
in the way stated above (by the vibration of permanent magnets in 
front of electro-magnets) or in any other way. I should wish to 
protect it specially as a means of transmitting simultaneously musi- 
cal notes differing in intensity as well as in pitch. 

“TI can see clearly that the magneto-electric current will not onl 
permit of the actual copying of spoken utterance, but of the simul- 
taneous transmission of any number of musical notes (hence mes- 
sages) without confusion. 

“The more I think of it the more I see that the method of mak- 
ing and breaking contact so many times per second is only the first 
stage in the development of the idea. 

“When we can create a pulsatory action of the current which is 
the exact equivalent of the aerial impulses, we shall certainly obtain 
exactly similar results. Any number of sounds can travel through 
the same air without confusion, and any number should pass along 
the same wire. 

It should even be possible for a number of spoken messages to 
traverse the same circuit simultaneously ; for an attentive ear can 
distinguish one voice from another, although a number are speaking 


er. 
“Don’t you think it would be well to take out a caveat for the use 
of the magneto-electric current ? 
“In its present undeveloped state, it might be unwise to let Gray 
know anything about it, unless indeed we could secure the principle 
of it in a patent. 


“Yours, respectfully, 
“A. GRAHAM BELL. 
“Gardiner G. Hubbard, Esq., Cambridge.” 


1578 Int. 95. In that letter you say, “The more I think of it 

the more I see that the method of making and breaking con- 
tact so many times per second is only the first stage in the develop- 
ment of the idea.” To which of your inventions, or to what class of 
apparatus, does that clause refer? 

Ans. It refers to my method of harmonic multiple telegraphy, in 
which Mr. Hubbard was pecuniarily interested. 

Int. 96. Have you within the past fortnight attempted to trans- 
mit articulate speech with the duplicate telephones Exhibits 19, 20, 
21, 22, and 23? And, if so, state when and where and with what 
results. If you used more than one membrane or more than one 
armature with each instrument, state what you used each time. 

Ans. Last Saturday, July 5, I made an experiment with the 
duplicate telephones Exhibits 19 and 22, at No. 40 State street, in 
the two rooms and with the arrangement of circuits described in 
Mr. Cross’ third answer, page 383. The ri with the sheepskin 
membranes were used in the instruments heavy armatures sim- 
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ilar to that shown in Exhibit 21. 
the armatures used. Mr. Watson and I were enabled to carry on 
a conversation by means of the membrane telephones. On Mon- 
day, the 7th of July, the same instruments were taken to Mr. 
Williams’ workshop and placed under as nearly as possible the 
same conditions as the original membrane telephones used in 
July, 1875. Mr. Watson and I attempted to carry on a conver- 
sation by means of the instruments, but were unable to do so. I 
could hear sounds proceeding from the membrane telephone at my 
ear while Mr. Watson was speaking at the other end of the circuit, 
but I could not make out what he said. We could not find a quiet 
— in Mr. Williams’ building to repeat the experiment under 
avorable conditions, and so carried the instruments to 40 State 
street, and arranged them as we had done on Saturday, the 5th. We 
then found that we could carry on conversation by means of them. 
During the course of our experiment at 40 State street, on Monday, 
the 7th, a fire alarm was struck; and while the bells were ringing, 
and during the intervals between the strokes, we were unable to 
carry on conversation. The results «btained during the ringing of 
the fire bell were similar to those obtained just before, at Mr. 
1579 Williams’ workshop. The battery used at 40 State street con- 
sisted of three small carbon and zinc cells with bichromate of 
potassium solution. The battery used at Mr. Williams’ was of the 
same kind, but consisted of two large cells. Mr. Watson, Mr. Stor- 
row, Mr. Berliner, Mr. J. B. Henck, Jr.,and Dr. Clarence J. Blake 
were present at the experiments at Mr. Williams’ workshop, and at 
No. 40 State street, on Monday, the 7th inst. The sheepskin mem- 
branes and heavy armatures alone were used on the 5th and 7th 
instants. On Wednesday, the 9th inst., the goldbeater’s skin mem- 
branes and light armatures were used in an experiment at No. 40 
State street. The instruments were then in the same condition in 
which they are now, and the arrangement of circuit was the same 
as has been already described in Mr. Cross’ deposition. Mr. Wat- 
son and I spoke to one another by means of the instruments. I 
could hear the sound of Mr. Watson’s voice very plainly, and could 
make out a number of words. The articulation was not so distinct 
as with the sheepskin membranes. The articulation of the instru- 
ments when first used was pretty distinct, but the membranes soon 
became damp hy the action of the breath, and the articulation was 
then much less distinct. When the distinctness was least, however, 
I could still make out a word here and there of what Mr. Watson 
said at the other end of the circuit. 

Int. 97. In these recent experiments which you have just de- 
scribed, did you hold the instrument so that the armature was sub- 
stantially perpendicular with its hinged end upwards, or in what 
position did you hold it? cee: 

Ans. I held it in the position indicated, and in every other posi- 
tion I could think of, and observed that the position in which the 
instrument was held did not affect the audible results obtained. 

Int. 98. Did you go to Canada for a vacation in the summer of 
1875? If so, when did you go, and when did vou return ? 


7 y Sure; at 1 — — 8 


P 


I believe the exhibit is one of 
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Ans. I did. I went to Canada in the early part of September 
and returned to Boston about the first of r. When I speak 
of returning to Boston in this and other answers, I mean to the 
neighborhood of Boston, where my professional work was, though I 
lived out of town. 

Int. 99. While in Canada in that vacation did you apply 
1580 to any one to assist you in obtaining patents in England for 
| any inventions you had made relating to the use of elec- 
tricity ; and, if so, whom did you apply to? 

Ans. I did. I applied to the Hon. George Brown in Toronto on 
or about the twenty-eighth day of September. 

Int. 100. Please look at the letter now shown you, addressed to 
Mr. Hubbard, dated Sept. 28, 1875, and which was identified in Mr. 
Hubbard’s deposition, pages 431* and 440, and state whether you 
wrote and sent it to him at or about, its date; and, if so, read such 
parts of it as relate to your electrical inventions. 


(Objected to as incompetent.) 
Ans. I did, and I now read from it as follows: 


“IMPERIAL BANK OF CaNnaDA, Toronto, Sept. 28, 1875. 


“ Dear Mr. Hubbard: 

“You must not think that I have been neglecting telegraphy dur- 
ing my visit to Canada. I brought a couple of instruments with 
me, and have discovered a method of annihilating the spark that 
has caused me so much trouble, without the necessity of using a 
condenser. I have felt very anxious in the matter of foreign pat- 
ents, and as I have not heard anything from the friends on the other 
side to whom I applied for assistance in the matter, I thought I 
would see friends in Toronto and Montreal. My idea was to get a 
letter of introduction to Sir Hugh. Allan and seek his aid in the 
matter. On consulting my friend, Hon. George Brown (ex-premier 
of Canada), he became much interested, and offers, if the scheme 
seems likely to be a good thing, either to take up the matter himself 
or get two or three gentlemen to do so. I have arranged to write 
particulars at once to him in confidence, and if we come to an ar- 
rangement they will telegraph to England to set matters afoot there 
and on the Continent at once. I must be in Belleville to-morrow, 

but shall not delay in Montreal to see Sir Hugh. * * * 
1581 “I shall try to see you as soon as possible. I cannot reach 
Boston before Friday or Saturday. 
With kind regards, yours respectfully, 
A. GRAHAM BELL.“ 


Int. 101. When did you begin to prepare the specification for your 
patent No. 174,465, of March 7, 1876? 85 N 

Ans. During the month of September, 1875, in Canada, and I 
continued it in Boston when I returned, during the early part of 


October. 


Tho references are to pages of the printed record in the case Bell Telephone Com- 
pany v. Dowd. 


1621 


Int. 102. Have you any of the sheets on which your rough draft 
of that specification was made in October, 1875? And, if so, please 
produce them. : 

Ans. I have, and I now produce them. 

Int. 103. Please read from them as part of your answer the pas- 
sages which I will point out to you on the sheets, which I will ask 
the examiner to number and mark for identification. 

Ans. I read from sheet 1: 


“My present invention consists in the employment of a vibratory 
or undulatory current of electricity in place of a merely intermittent 
one, and of a method of and apparatus for producing electrical un- 
dulations upon the line wire.” 


And the sentence ends there, and the next line consists of the 
word “ — hy.” The foregoing is written in pencil. 
On the opposite side of the same sheet the page begins: 

“By inducing undulations in (upon) a continuous voltaic circuit 
by the motion of bodies capable of affecting the current, such as the 


armature of an electro-magnet, a permanet magnet, or a body through 
which a continuous current of electricity is passed 


This is accompanied by a drawing substantially like A, Fig. 5, of 
said patent. This paragraph and the drawing are in ink. 
I read from sheet 2: 


“It has long been known that when a permanent magnet is caused 
to approach the pole of an electro-magnet a current of electricity is 
induced in the = of the — and t — > is — a 

current of electricity of opposite polarity to the first appears u 
1582 the wire. When, therefore, a — magnet is — 

vibrate in front of the pole of an electro- magnet an undula- 
tory current of electricity is induced in the coils of the eleetro- mag - 
net, the undulations of which correspond in number per second to 
the vibrations of the magnet, in polarity to the direction of motion 
of the permanent magnet, and in intensity to the amplitude of the 
vibrations of the permanent magnet.” 


The portion I have just read is written in pencil. 
On the same side of the same sheet there is also written in pencil 
the following: 


“Claims. 


“1. In a system of telegraphy, in which the receiver is set in 
vibration by the action of the electrical current, the employment of 
vibratory or undulatory currents of electricity as distinct from merely 
intermittent currents. 

“2. The method of inducing (impressing) undulations in a con- 
tinuous voltaic current by the vibration or motion of bodies capable 
of affecting the current, whether such bodies be permanent magnets, 
the armatures of electro-magnets, or bodies through which a contin- 
uous current of electricity is passing. 

“3. The phono-telegraph, whereby two or more vocal or other 
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sounds, differing in pitch, loudness, and timbre, can be transmitted 
singly or simultaneously along a single wire, by causing electrical 
undulations upon the wire, similar in form to the aerial vibrations 
accompanying said vocal or other sounds.” 


From sheet 3 I read the following in pencil : 


4. The method of producing an undulatory current by the 
vibration of a body through which a continuous current of elect. is 


passed * * *” 


On the other side of the same sheet, in continuation of what I 
have just read, | find also in pencil the following: 


“6. The method of and apparatus for transmitting simultaneously 
sounds differing in ‘timbre’ as well as in pitch and in loudness. 

“7. The method of and apparatus for transmitting vocal utterance 
telegraphically, substantially as herein set forth.” 


On sheet 2 I find written in ink the following: 


1583 In illustration of the method of creating a vibrat. current 

of elect. I shall show and describe one form of apparatus de- 
signed to produce undulations in a continuous voltaic current. But 
I wish to state here that the same effect may be produced in many 


other ways, all that is necessary being to influence the current by 
the vibration or motion of bodies capable of affecting the current.” 


On sheet 4 I find the following, written in ink: 


“Claims. 


“1. In a system of telegraphy, in which the receiver is set in 
vibration by the passage of the electrical current, the employment 
of vibratory or undulatory currents of electricity as distinct from 
merely intermittent currents. 

“2. The method of impressing (inducing) undulations upon a con- 
tinuous voltaic current by the vibration or motion of bodies capable 
of affecting the current, whether sucl. bodies be permanent magnets, 
armatures of electro-magnets, or bodies through which a continuous 
current of electricity is passing. 

“3. The phono-telegraph, ~ the exact pitch, loudness, and 
timbre of vocal or other sounds can be transmitted telegraphically, 
by causing the body, by whose motion undulations are induced upon 
the line wire, to copy exactly the aerial vibrations accompanying 
said vocal or other sounds, and hence to induce upon the line wire 
electrical undulations similar in form to those occurring in the air.” 


On the other side of the same sheet the page begins with the fol- 
lowing, written in pencil: 
“In another application for letters patent I have described a 


method of and apparatus for transmitting two or more telegraphic 
x * * 


Int. 104. On that side of sheet 4 from which you have just read 
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something written in pencil I find some writing in ink, the last few 
words of which are written over a few words of the pencil writing 
which you have just read; what is that which is written in ink? 

Ans. east ny of the rough copy of a letter that I wrote to 
the secretary of the Philadelphia Institution for the Deaf and Dumb 

relating to the proposed introduction of my father’s s 
1584 of visible speech into that institution, and the exhibition of 
that system at the Centennial Exhibition. 
Int. 105. Please state when you wrote the said letter of which said 
sheet contains the rough draſt, and state also whether you have any 
means of fixing the date. 

Ans. I wrote the letter during the latter part of October, 1875, or 
the commencement of November, 1875. I can fix the date as 
earlier than the 4th of November by a letter which I wrote on the 
13th of November, 1875, to Mr. James J. Barclay, secretary of 
the Institution for Deaf Mutes, Philadelphia, in which the following 
occurs: 


“My Dear Sir: Many thanks for your kind note of the 4th inst. 
I am sorry that the institution cannot consider my terms,” ete. 


The letter of the 4th inst., to which I refer, was in answer to the 
letter I wrote to Mr. Barclay, a portion of the rough copy of which 
appears upon sheet 4. 

Int. 106. The reverse side of sheet 3 has some writing in ink which 
does not refer to electricity; please state what it is. 

Ans. It is a portion of a rough copy of the same letter to the sec- 
retary of the Philadelphia institution, to which I have referred, as 
written before the 4th of November, 1875. 

Int. 107. The reverse side of sheet 1, from which you have read 
something written in ink, contains something written in pencil which 
does not appear to relate to electricity; please state what it is. 

Ans. It is a portion of the rough copy of a letter giving the sup- 
positious history of a Book of Ornamental Art.” 

Int. 108. Have you that letter, and when was it written? 

Ans. I have; it was written and dated Oct. 26, 1875. 

Int. 109. How many sheets did you produce in answer to my one 
hundred and second question? 

Ans. Seven. 


(The seven sheets are marked for identification.) 
Int. 110. Are these all the original rough drafts made in prepar- 


ing that tion which you now have? 
Ans. They are. 


Int. 111. Are they all that you made? 
1585 Ans. By no means. 
Int. 112. Have you made search for the others, and have 
you been able to find them? 
Ans. I have made search, but have been unable to find any others 
than those produced. 


(Adjourned to July 11, 1879, at 10 a. m.) 


Boston, July 11, 1879. 


Int. 113. Please state whether the rough drafts for your specifica- 

tion, or the seven sheets of them which you produced yesterday, 
read consecutively, or in what condition they are as to roughness, 
rewriting, etc. 
Ans. They do not read successively, and are merely fragmentary 
remains of my first attempts to pat into correct language the ideas 
embodied in my specification. Some passages are written in pencil, 
others in ink, and many of them are so disfigured by the corrections 
and recorrections that I made in the language at the time that it is 
difficult in some cases now to read them. 

Int. 114. Was a specification prepared from these drafts for Mr. 
G. G. Hubbard to take to Washington and have examined by Mr. 
Pollok, your patent solicitor? . 

Ans. It was. 

Int. 115. Did you learn from Mr. Hubbard at any time that Mr. 
Pollok had examined this ification with him, and found it satis- 
factory ; and, if so, when did you learn this? If you have any 
— of fixing the date with precision, please state what means you 

ave. 

Ans. I heard from Mr. Hubbard to this effect upon the 18th of 
January, 1876. I fix this date by reference to a letter that I wrote 
to Mr. Hubbard’s daughter on the 18th of January, 1876, in which 
the following passage occurs: , 


“T received a nice letter from your father this morning, in which 
he says how well pleased he is with the new specification, and that 
it promises to be of great value if I prosecute my researches dili- 
gently; if not, others may supplant me. He says: ‘I have been 
over your specification with Mr. Pollok. He is very much pleased 
with it, and says he does not think it will require any alteration.” 


Int. 116. Have you in your possession the letter from Mr. Hub- 
bard to you, referred to in your last answer? 
1586 Ans. I have not. 
Int. 117. Have you made careful search for it? 

Ans. I have, but have not been able to find it. 

Int. 118. What day of the week was the 18th of January, 1876? 

Ans. It — by the calendar that it was Tuesday. 

Int. 119. Please state when, if ever, you received from Mr. Pol- 
lok’s office a fair copy of the specifications to be signed and sworn 
to; and if you have any means of fixing the date, please produce it. 

Ans. I received a fair copy of the specification from Mr. Pollok’s 
office either on the nineteenth or twentieth day of January, 1876, 
and I took oath to it in Boston on the twentieth day of January, 
1876. I fix the date of receiving it by a memorandum which has 
been given to me, which I am informed and believe is a press copy 
of Mr. Pollok’s letter to me accompanying the specification. It is 


as follows: 
“ January 18, 1876. 
“Mr. A. Graham Bell. 
“Dear Sim: Herewith find applic., papers, etc., for your new im- 


en 
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provements in telegraphy. We have left blank for title of inven- 
tion in the oath, which you can fill in. 
“ Please execute the papers as indicated in pencil, and return them 
to me. 
“Very truly yours.” 


Int. 120. Have you got the original of the letter just read? 

Ans. I have not. 

Int. 121. Do you know where it is? 

Ans. I do not. 

Int. 122. In whose handwriting was the fair copy of the specifica- 
tion which was sent you from Washington, as you stated ? 

Ans. I do not know. It was in a strange writing. I pre- 
sumed it was written by some of Mr. Pollok’s clerks. 

Int. 123. Please look at the certified copy of the — now 
shown you, and state when and where the jurat is dated. 

Ans. Suffolk county, State of Massachusetts, the 20th of January, 


1876. 
Int. 124. It from this certified copy that said ap- 
1587 plication was filed in the Patent Office Feb. 14, 1876. Why 
was it not filed sooner? 

Ans. I had made arrangements to have the specification filed sim- 
ultaneously in England and the United States, and ge ng making 
the — n in the United States Patent Office in the expecta- 
— of receiving a cablegram from England informing me when to 

it. 


(Complainants put in evidence a certified copy of file w and 
contents of Bell patent of March 7, 1876, ed “ Complainants’ 
Exhibit 24, Bell’s Application of 1876.”) 


Int. 125. Please look at the paper nuw shown you; state who 
made it. 

Ans. I did. 

Int. 126. When and where and for what —— 

Ans. I made it at the Queen's Hotel, Toronto, on the twenty- 
eighth day of December, 1865, for the information of the Hon. 
George Brown. | : 

Int. 127. What occasion had you to give him information on the 
matters shown in that paper ? | 

Ans. I ex to conclude arrangements for having him take 
out patents in England for me, and made this drawing to illustrate 
certain of my inventions. 

Int. 128. Is that the same Mr. George Brown spoken of jn your 
letter to Mr. Hubbard of Sept. 28, 1875, which was read as part of 
your one hundredth answer ? 

Ans. It is. 

Int. 129. State generally what inventions or what apparatus that 
paper shows. 

Ans. The invention and apparatus described in my United States 
patent, dated March 7, 1876. 


Int. 130. There appears to be a memorandum on the back of it 
not in your handwriting. Who wrote that? 
Ans. The Mr. George Brown referred to. 
Int. 131. In whose possession did you leave it after you made it, 
and when did you next see it? 
Ans. I left it in the possession of the Hon. George Brown, in To- 
ronto, on the twenty-ninth day of December, 1875, and I next 
1588 saw it in Toronto on the 12th of November, 1878, and re- 
quested Mr. Brown to intrust it to Mr. Thomas A. Watson, 
who brought it on to Boston. 


(Complainants put in evidence the paper referred to, and it is 
marked “Complainants’ Exhibit 25, Bell’s Toronto Drawing, W. P. 
Preble, Jr., examiner.” Original number 37. 

Counsel for defendant objects to the memorandum on the back of 
the drawing as evidence of any fact stated in it.) 


Int. 132. After the grant of your patent, March 7, 1876, did you 
or did you not continue study or experiments on the subject of 
transmitting articulate speech or other sounds; and, if so, for what 
purpose ? 

Ans. I did; for the purpose of introducing my invention into 
public use. | 

Int. 133. Did you exhibit any of your electrical inventions at the 
Centennial Exhibition at Philadelphia; and, if so, what apparatus 
did you there for that purpose ? 

Ans. I did. I exhibited my method of harmonic multiple teleg- 
raphy, and my method of transmitting articulate speech electri- 
cally. The apparatus exhibited consisted of a telephonic organ, 
two current interrupters, and two vibratory reed receivers having 
attached to them what I termed vibratory circuit-breakers for work- 
ing Morse instruments by my musical telegraphic signals. I also 
had the permanent horseshoe magnet which has already been pro- 
duced, arranged over a single-pole electro-magnet. Four forms of 
speaking telephones, which were briefly as follows: Two membrane 
telephones, which could be used either as transmitters or receivers. 
A single-pole electro-magnet was used for one and a double-pole 
electro-magnet for the other. The armature of each electro-magnet 
consisted of a small piece of steel spring glued to the centre of the 
membrane. A third form of speaking telephone was shown, in- 
tended to be used only as a receiving instrument. The electro-mag- 
net was enclosed in a hollow box of iron, and a lid of iron or steel, 
I forget which, was used as an armature. This lid formed a thin 
circular metallic diaphragm, resting by its edge upon the rim of 
the iron box, its central portion not quite touching the pole of the 

electro-magnet underneath. The instrument was intended 
1589 to be arranged upon a circuit with either of the membrane 

telephones referred to before. Upon placing the ear against 
the lid of the box the articulation of the person speaking into the 
membrane telephone was audible, proceeding from the lid. A fourth 
form of speaking telephone was shown, intended to be used only as 
atransmitter. It consisted of a metallic ring supported horizontally, 
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carrying a stretched membrane, to the centre of which was fastened 
either a platinum wire or a thin rod of carbon, I f which, dip- 
ping into a little cup containing acidulated water. In addition to 
these instruments, a form of . was shown for studying 
optically the liarities of the electrical current produced by my 
telephones. It consisted of one of ey manometric 

to the membrane of which was glued a thin piece of steel, which 
formed the armature of an electro-magnet. 

Int. 134. Did you operate before the judges of the Centennial 
Exhibition any of your apparatus for the transmission of articulate 
speech which you had on exhibition there; and, if so, what instru- 
ments did you so operate, when, and with what results? 

Ans. I did. I exhibited in operation the two membrane tele- 
phones with electro-magnets referred to in my last answer, and the 
iron box receiver, to the judges of that section, on Sunday, the 
twenty-fifth day of June, 1876. The result was that the articulation 
of the person speaking into the membrane telephone was audibly 
reproduced by the iron box receiver, and the person who placed his 
ear against the lid of the instrument heard and understood what 
was said at the other end of the circuit. 

Int. 135. Name some of the persons who were present at that 
exhibition. 

Ans. Sir William Thomson, the Emperor of Brazil, Prof. Hil- 

rd, Prof. James C. Watson, Dr. Draper, Dr. Koenig, Mr. Elisha 


ray, Prof. Sterry Hunt, Mr. William H. Hubbard, and many others 

whose names I do not now recall. 
Int. 136. Did you receive any letter written on that day by any 
ribi ts ob- 


gentleman present at that exhibition, referring to the resu 
tained? And if so, please read it as part of your answer, 


(Objected to as incompetent.) 


Ans. I did; and now read it. It is from Prof. Sterry Hunt: 
1590 “CONTINENTAL Hore, PnILA., June 25, 1876. 


„Dear Mr. Bell: 

“T am informed that you leave to-night for Boston, so I take this 
way of congratulating you on your success to-day. I returned to 
my hotel with Sir Wm. Thomson, and dined with him. He speaks 
with much enthusissm of your achievement. What yesterday he 
would have declared impossible he has to-day seen realized, and he 
declares it the most wonderful thing he has seen in America. You 
speak of it as an embryo invention, but to him it seems already 
complete; and he declares that before long friends will whisper 
their secrets over the electric wire. 

“Your undulating current he declares a great and happy con- 
ception. 

All this he discussed partly with Dr. Bache, and more at length 
with Sir Redmond Barry and Sir John Hawkshaw. Sir William 
leaves here on Friday for Montreal, and will visit Boston for a day 

or two before sailing, which will be from New York, July 19. 


Int. 130. There appears to be a memorandum on the back of it 
not in your handwriting. Who wrote that? 
Ans. The Mr. George Brown referred to. | 
Int. 131. In whose possession did you leave it after you made it, 
and when did you next see it? 
Ans. I left it in the possession of the Hon. George Brown, in To- 
ronto, on the twenty-ninth day of December, 1875, and I next 
1588 saw it in Toronto on the 12th of November, 1878, and re- 
quested Mr. Brown to intrust it to Mr. Thomas A. Watson, 
who brought it on to Boston. 


(Complainants put in evidence the paper referred to, and it is 
marked “ Complainants’ Exhibit 25, Bell’s Toronto Drawing, W. P. 
Preble, Jr., examiner.” Original number 37. 

Counsel for defendant objects to the memorandum on the back of 
the drawing as evidence of any fact stated in it.) 


Int. 132. After the grant of _ patent, March 7, 1876, did you 
or did you not continue study or experiments on the subject of 
transmitting articulate speech or other sounds; and, if so, for what 
purpose ? 

Ans. I did; for the purpose of introducing my invention into 
public use. | 

Int. 133. Did you exhibit any of your electrical inventions at the 
Centennial Exhibition at Philadelphia; and, if so, what apparatus 
did you carry there for that purpose? 

Ans. I did. I exhibited my method of harmonic multiple teleg- 
raphy, and my method of transmitting articulate speech electri- 
cally. The apparatus exhibited consisted of a telephonic organ, 
two current interrupters, and two vibratory reed receivers having 
attached to them what I termed vibratory circuit-breakers for work- 
ing Morse instruments by my musical telegraphic signals. I also 
had the permanent horseshoe magnet which has already been pro- 
duced, arranged over a single-pole electro-magnet. Four forms of 
speaking telephones, which were briefly as follows: Two membrane 
telephones, which could be used either as transmitters or receivers. 
A single-pole electro-magnet was used for one and a double-pole 
electro-magnet for the other. The armature of each electro-magnet 
consisted of a eee! ge of steel spring glued to the centre of the 
membrane. A third form of speaking telephone was shown, in- 
tended to be used only asa receiving instrument. The electro-mag- 
net was enclosed in a hollow box of iron, and a lid of iron or steel, 
I forget which, was used as an armature. This lid formed a thin 
circular metallic diaphragm, resting by its edge upon the rim of 
the iron box, its central portion not quite touching the pole of the 

electro-magnet underneath. The instrument was intended 
1589 to be arranged upon a circuit with either of the membrane 

telephones referred to before. Upon placing the ear against 
the lid of the box the articulation of the person speaking into the 
membrane telephone was audible, proceeding from the lid. A fourth 
forin of speaking telephone was shown, intended to be used only as 
atransmitter. It consisted of a metallic ring supported horizontally, 
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carrying a stretched membrane, to the centre of which was fastened 
either a platinum wire or a thin rod of carbon, I forget which, di 
ping into a little cup containing acidulated water. In addition to 
these instruments, a form of apparatus was shown for studying 
optically the — of the electrical current produced by my 
telephones. It consisted of one of Koenig’s manometric capsules, 
to the membrane of which was glued a thin piece of steel, which 
formed the armature of an electro-magnet. 

Int. 134. Did you operate before the judges of the Centennial 
Exhibition any of your apparatus for the transmission of articulate 
speech which you had on exhibition there; and, if so, what instru- 
ments did you so operate, when, and with what results? 

Ans. I did. I exhibited in operation the two membrane tele- 
phones with electro-magnets referred to in my last answer, and the 
iron box receiver, to the judges of that section, on Sunday, the 
twenty-fifth day of June,1876. The result was that the articulation 
of the person speaking into the membrane telephone was audibly 
reproduced by the iron box receiver, and the person who placed his 
ear against the lid of the instrument heard and understood what 
was said at the other end of the circuit. 

Int. 135. Name some of the persons who were present at that 
exhibition. 

Ans. Sir William Thomson, the Emperor of Brazil, Prof. Hil- 

rd, Prof. James C. Watson, Dr. Draper, Dr. Koenig, Mr. Elisha 


ray, Prof. Sterry Hunt, Mr. William H. Hubbard, and many others 


whose names I do not now recall. 

Int. 136. Did you receive any letter written on that day by any 
gentleman present at that exhibition, referring to the results ob- 
tained? And if so, please read it as part of your answer, 


(Objected to as incompetent.) 


Ans. I did; and now read it. It is from Prof. Sterry Hunt: 
1590 “CONTINENTAL Hore, PHILA., June 25, 1876. 


“Dear Mr. Bell: 

I am informed that you leave to-night for Boston, so I take this 
way of congratulating you on your success to-day. I returned to 
my hotel with Sir Wm. Thomson, and dined with him. He speaks 
with much enthusissm of your achievement. What yesterday he 
would have declared impossible he has to-day seen realized, and he 
declares it the most wonderful thing he has seen in America. You 
speak of it as an embryo invention, but to him it seems already 
complete; and he declares that before long friends will whisper 
their secrets over the electric wire. 

“Your undulating current he declares a great and happy con- 
ception. 

Ell this he discussed partly with Dr. Bache, and more at length 
with Sir Redmond Barry and Sir John Hawkshaw. Sir William 
leaves here on Friday for Montreal, and will visit Boston for a day 

or two before sailing, which will be from New York, July 19. 
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“Thinking you would be glad to hear the judgment of one so 
eminent, I have written you this, and I am, my dear Mr. Bell, 
% Always truly yours, 


T. TERRY HUNT. 


“P.S—Do you know anything of Briicher’s system of visible 
speech, of which one of the Austrian judges spoke to-day? It seems 
very like your father’s. 

“Graham Bell, Esq.” 


Int. 137. How soon after that did you leave Philadelphia: 

Ans. I left Philadelphia the same night. 

Int. 138. Did you receive a visit from Mr. Gray in Philadelphia? 
And, if so, when and where was it, and in whose presence? 

Ans. I did. Mr. Gray visited me at my hotel on that Sunday 
afternoon or evening, our exhibitions, and just before I left for 
Boston. Mr. William Hubbard was visiting me at the same time, 
and was present when Mr. Gray came. 

t. 139. How sure are you that it was after vour exhibi- 
1591 tion, and not the day before? And state what, if anything, 
confirms your recollection on that point. 

Ans. I remember that Mr. William Hubbard was presert at the 
time of Mr. Gray’s call, and that Mr. Hubbard did not reach Phila- 
delphia until about twelve o clock at night the evening before. A 

had been sent to Mr. Hubbard, in Boston, requesting him 
to come to Philadelphia to assist me in operating my apparatus on 
Sunday. He arrived, as stated, just in time to take part in the ex- 
periments, and I left for Boston on Sunday night. I am therefore 
absolutely sure that Mr. Gray’s visit to me was on Sunday, June 25, 
1876, and I remember that it was after our respective exhibitions 
and before I left for Boston. 

Int. 140. Was the visit from Mr. Gray a friendly and pleasant 
one, or not? 

Ans. It was a very friendly and pleasant visit. 

Int. 141. Did Mr. Gray, at that visit, say to you that he had in- 
vented a ing telephone? 7 

Ans. I have no recollection of such a remark, and I am quite 
sure that he did not; for under the circumstances I should have 
been certain to have remembered it. 

Int. 142. What receiver did you design to use with the liquid 
transmitter you say you exhibited at Philadelphia ? 

Ans. I had intended to use the iron box receiver with the liquid 
transmitter at the Centennial Exhibition, but I had also been in the 
habit of using the membrane telephones with electro-magnets for 
that purpose. 

Int. 143. Had you or had you not transmitted articulate h 
by means of that liquid transmitter before sending it to Phila- 
delphia ? 

ns. I had. 

Int. 144. Please produce the three membrane telephones and the 

iron box telephone which you had at Philadelphia. 


Ans. I now produce them. The membranesof all the membrane | j os) 
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telephones are broken, and the armature of one eto-instrument 


magn 
is gone. The mouthpiece of the eee is 
also injured. The mouthpiece of the liquid transmitter been 
disfigured by being used for subsequent experiments. The platinu 
wire or carbon rod of the liquid transmitter, with its con- 
1592 necting wire, is missing. The lid or diaphragm of the iron 
box receiver is wanting, and the coil in this instrument is 
not the one used at the Centennial Exhibition. 
Int. 145. What is the size of the diaphragm in each of these four 
instruments ? 
Ans. In the three membrane instruments the diameter of the 
membrane was two and uarters inches. In the iron box 
— ce ere lic diaphragm was one inch and a 


(Complainants put in evidence the referred to, and they 
are marked ively Complainants Exhibit 26, Bell’s Single- 
Pole Centennial Membrane Telephone; Complainants Exhibit 27, 
Bell’s Double-Pole Centennial Membrane Telephone ;” Complain- 
ants’ Exhibit 28, Bell Centennial Iron Box Magnet Receiver;” 
“ 11 Exhibit 29, Bell Centennial Liquid Transmitter, 
W. P le, Jr. examiner.) (Original Nos. 38, 39, 40, 4-.) 


Int. 146. Please look at the letter now shown you, dated July 
2, 1876; state to whom it is written, and read it as part of your 
answer, omitting the personal and family matters. State when you 
wrote and sent it. 


(Objected to as incompetent.) 


Ans. It is a letter written by me to Mr. William H. Hubbard on 
the 2d of July, 1876, although by inadvertence it was dated July 2, 
1867. I sent it on or about the 2d of July, 1876; I now read it: 


“ CAMBRIDGE, Mass., July 2, 1867. 
“My Dear Wurm: Willie Winlock and Bert Eustace 
went in to Boston to help me on Thursday in case it was decided to 
work my instruments between Boston and Philadelphia. They 
were to sing for me. * * * 
“ Having completed my list of messages, I must 


In order to — the transmission of speech to Philadelphia, it 
was necessary to have a telephone constructed the magnet of which 
should have a resistance equivalent to a considerable portion of the 
total resistance of the telegraph line between here and Philadelphia. 
The resistance of the line is over 5,000 ohms. Now I have had two 
— — made, the coils of which offer a resistance of 3,250 ohms 

together. It will require a battery of many cells in order to 
operate a Morse sounder through such a resistance. It is as ta 
resistance as 325 miles of well-insulated telegraph wire. My dis- 
covery was that I could work my apparatus with one cell of battery 
through this resistance. I am sure by substituting a permanent 
magnet for the pole of the electro-magnet I could work it without 
a battery at all. * * * 

“With love and best wishes, yours, sincerely, 
“A GRAHAM BELL. 


+ William Hubbard, East Gall., M. B., Exhibition Building, 
a. 

“P.S—Should I send on apparatus to Philadelphia and you 
make the connections, simply connect the instr. with the line wire 
and the earth like this: | 

“A. G. B. 


“ You can increase musical sounds by resting bridge of violin 


against A 


Int. 147. In this letter you say, “I am sure by substituting a 
permanent magnet for the pole of the electro-magnet, I could 


work it without a battery at all;” state when you first thought of 
transmitting sounds without a battery. 


(Objected to as incompetent.) 
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Ans. My original idea, in the summer of 1874, was to transmit 
sounds by means of magneto-electric currents without a battery, and 
from the time of the first conception of the speaking ne I had 
the belief that the apparatus could be ted by substituting a 
permanent magnet for the soft-iron core of the electro- 

— — Then why did you use u battery with your speaking 
telephone 

ye Because the effects obtained were much more powerful with 
a battery than without, and because I had the idea that in operating 
the instruments through any considerable resistance, as upon a rea 
telegraph line, the battery would produce the most practically use- 
ful results. | 

Int. 149. Have you a memorandum of experiments made by 
on the transmission of sounds June 30, 1876? If so, please — 
it and state when you made the memorandum. 

(Objected to as incompetent.) ° 

Ans. 1 have. The memorandum was made on the 30th of June, 
1876, and I now produce it. 

Int. 150. State whether you made the experiment on that day as 

there described. 

1595 Ans. I did. | 
) Int. 151. Answer the same questions as to experiments 
made July 3, 1876, on the same subject. 


(Objected to as incompetent.) 
Ans. I made the memorandum of the experiments referred to 
upon the 3d of July, 1876, and the experiments related were made 
upon that day, and I now produce the memorandum. 


Int. 152. Answer the same questions as to experiments made July 
6, 1876, on the same subject. 

(Objected to as incompetent.) 

Ans. I made the memorandum of the experiments referred to 
upon the 9th of July. 1876; the experiments themselves were made 
on Thursday, the 6th of July, and I produce the memorandum. 

Int. 153. What is the Fig. 2, page 17, referred to in the first line 
of the experiments of July 67 

Ans. It is Fig. 2, under date of July 3, 1876. 

Int. 154. Please answer the same questions as to experiments of 
July 7, 1876, which are numbered 5, 6, and 7, in the same note-book 
referred to in your last answers? 


(Objected to as incompetent.) 


Ans. The notes of these experiments were written by me upon the 
9th of July, 1876, and the experiments themselves were made on the 
— of Friday, the 7th of July, and I produce the notes. 

Int. 155. Did you, during the summer of 1876, have made for you 


a two-pole permanent magnet, with a coil of wire wound round each 
leg, after the manner of a horseshoe electro-magnet ; if so, who made 
it and when was it made? 
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Ans. I did; it was made at Mr. Williams’ workshop, in July, 1876, 
on or before the fifteenth day of July, 1876. 

Int. 156. Please read from Mr. Williams’ book the charge for 
making it. 

Aus. “ Jury 15, 1876. 
“A.G. Bett & Co., f Dr 


“To making mag. 31 in. long of steel coils or 38 D. C. 2 * 


1598 Int. 157. Have you a memorandum of experiments made 

July 11, 1876? And, if so, please produce the memorandum. 
State when and by whom it was made, and whether on said da 
you tried the experiments therein described. 


(Objected to as incompetent.) 


Ans. I have. The momorandum was made by me upon the 12th 
of July, 1876, and the experiments narrated were made the day be- 
fore, and I now produce the memorandum. 

Int. 158. Have you a memorandum made on or about July 12, 
1876, of modifications of the speaking telephone which you devised 
on or before that day? If so, state when you made that memo- 
randum and produce it. 


(Objected to as incompetent.) 


Ans. I have. I made the memorandum upon the twelfth day of 
July, 1876, and I now produce it. | 

Int. 159. Have you a memorandum of experiments made between 
Oct. 2 and 7, 1876? If so, state by whom the memorandum was 
made, and when, and produce it. 


(Objected to as incompetent.) 


Ans. I have. I made the memorandum on the 14th of October, 
1876, and I now produce it. 

Int. 160. Have you a memorandum as to certain experiments 
made by you between Oct. 12 and Nov. 12? And, if so, state when 
and who made them, and produce them. 


(Objected to as incompetent.) 


Ans. I have. I made the memorandum on the 12th of Novem- 
ber, 1876, and I now produce it. 

Int. 161. Did you, on the dates stated in these several memo- 
randa, make the experiments therein described as having been 
made. 

Ans. I did. 


(Copies of all the memoranda above referred to are introduced by 
the complainants, and marked “Complainants’ Exhibit 30, Bell’s 
Memoranda of Experiments of 1876, W. P. Preble, Jr., examiner.”) 
(Original No. 42.) 


Int. 162. Please state when you first used the permanent magnet 
made for you by Mr. Williams on or before July 15, 1876. 
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Ans. I used it immediately upon its construction. 
1597 Int. 163. Please produce that magnet. 
Ans. I now produce it. 


(Complainants put in evidence the permanent magnet referred to, 
and it is marked “Complainants’ Exhibit 31, Bell’s Permanent Mag- 
net of 1876, W. P. Preble, Jr., examiner.”) (Original No. 43.) 

Int. 164. Did you, on or about October or November, 1876, work 
a telephone between Boston and Cambridge without a battery and 
by means of a anent magnet? And, if you have any memo- 
randum of such an exhibition, please state what it is and read it. 


(Objected to as incompetent.) 
Ans. I did, and I have a memorandum of such an exhibition. It 


is contained in a letter written by me on the 12th of November, 1876, 
and is as follows: 


“18 Beacon Srreet, Boston, Mass., 
“Sunpay, Nov. 12, 1876. 


“* * * The telephone once more comes out triumphant from 
a severe test. Prof. Rogers and Mr. Waldo, of the observatory, and 
I carried on conversations with Mr. Watson through the telegraph 
line between Boston and Cambridge with perfect ease. The articu- 
lation was perfectly distinct, and even a whisper was intelligible. 


The length of the circuit was about seven miles, but as there were 
no less than six electro-magnets upon the line the resistance of the 
line was fully equivalent to fifteen or sixteen miles. We cut out the 
battery and could distinctly hear the tones of Mr. Watson’s voice 
singing one of Moody and Sankey’s hymns without any battery at all. 
This evening we have made another discovery of a very important 
kind, which will lead to the reduction of the battery — or to 
the omission of batteries altogether.“ 


Int. 165. If you have any memorandum or letter which will 
enable you to ax the date when you made the Toronto drawing, 
Exhibit 37, referred to in your one hundred and twenty-sixth an- 
swer, please read from it the portions which refer to that drawing. 
Ans. I have such a letter, dated Queen’s Hotel, Toronto, Dec. 28, 
1875, which I wrote upon that date. In it I find the following: 


“It is pretty evident that George Brown intends taking up teleg- 
raphy abroad for me, still I don’t allow myself to indulge in tao 
many hopes lest I should be me pare 
1598 He asked me to state definitely what interest I would be 
willing to give him ; so I offered him one-half interest in any 
patents he would take out abroad forme. He stated that the proposi- 
tion was satisfactory, and that he would take the night to think of it. 
Lam 2 meet — —— — at — — In the meantime I 
intend to employ m upon telegraphy. 
“T shall make drawings of the instruments and line connections, 
and think the whole subject over very carefully, so as to be prepared 
to state exactly what I wanted done for me.” 
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Int. 166. Please look at the official copy of your English patent, 
No. 4665, dated Dec. 9, 1876, and state when the * — speci- 
— for that patent was drawn, and where and by whom it was 

rawn. 

Ans. It was drawn by Mr. G. W. Gregory and myself in Boston. 
I do not remember the exact date, but my impression is that it was 
commenced in September or the beginning of October, 1876, that 
there was a delay of two or three weeks in completing it, and that 
it was completed about the end of October or the commencement of 
November. 

(Complainants produce an official copy of said patent and put in 
extracts from it as follows: The title and date of filing the provis- 
ional specification (to wit, Dec. 9, 1876), and the fourth plan” and 
“ fifth plan,” found on pages 8 and 9 of said printed copy of the pro- 
visional specification, and the drawings, Figs. 19 to 26, inclusive, in 
said extracts referred to. It is marked “ Complainants’ Exhibit 32, 
Extract from Bell’s English Provisional Specification.”) 


(Adjourned to July 12, 1879, at 11 a. m.) 

Boston, July 12, 1879. 

Int. 167. Please look at the instrument now shown you; state 
when it was made, and if it is one of the instruments referred to in 
any way of the memoranda of experiments which have been put in 
evidence, Exhibit 30, please point out under what date in those 
memoranda it is first referred to. 

Ans. I have no means of fixing the date when it was made, 

1599 excepting that it was before the 30th of June, 1876. My im- 

ression is that it had been made at least a month before, but 

of this I cannot be sure. The first note I have of its use is in the 

memorandum, Exhibit 30, dated June 30, 1876, where it is referred 

to as “a flat disk of tagger’s iron,” and is shown in the first figure 
as the diaphragm Z. 

Int. 168. Please describe generally what this instrument is. 

Ans. It is a disk of soft sheet iron, known as r’s iron, 
mounted on a stout metallic ring or rim about four inches and a 
half interior diameter, the whole supported on three legs like a 
tripod. In use it was placed upon a base, and magnets of different 
kinds were placed under the diaphragm, with some arrangement for 
adjusting their distance from the diaphragm 

Int. 169. Was that instrument — as a transmitter on any occa- 
sion other than June 30, 1876? | 

Ans. It was so used on a number of subsequent occasions. 

(Complainants put in evidence said instrument, and it is marked 
“ Compiainants’ Exhibit 33, Bell’s Speaking Telephone Metallic Dia- 
phragm, W. P. Preble, Jr., examiner.”) (Original No. 45.) 


Int. 170. I call your attention to the subject of the interview at 
which Prof. Dolbear, Mr. Hubbard, and yourself were present, and 
which is referred to on page 304* and subsequently in Prof. Dol- 
bear’s deposition, and on page 436* and subsequently, in Mr. Hub- 


bes references are to pages of the printed record in the suit Bell Telephone 
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bard’s deposition. Please state what, if anything, you said to Prof. 
Dolbear as to whether he or you had first invented the use of a per- 
manent magnet as part of or attached to the core of the electro- 
magnet of a speaking telephone, or as to whether he or you had 
— the use of a metallic diaphragm in a speaking tele- 
phone. 

Ans. I have no recollection of saying anything to Prof. Dolbear — 
upon the subject. I was more a witness of the conversation between 
Prof. Dolbear and Mr. Hubbard than a participant in it. 

Int. 171. In your fifty-first answer, you referred to a letter which 
you received from Dr. Clarence J. Blake, dated Oct. 21, 1874, in 

which he referred to a letter from Mr. Elisha Gray; have you 
1600 since seen that letter of Mr. Elisha Gray to Dr. Blake, and 
where is it now? | 

Ans. I have. Dr. Blake produced the letter as a part of his d 
sition in the harmonic telegraph interference case between Mr. 
Elisha Gray and myself, and a copy of it is to be found at page 121 
of the printed evidence in that case. 

Int. 172. Does that letter from Mr. Gray make any reference what- 
ever to the transmission of vocal sounds, or make any statements as 
to the character of Mr.Gray’s inventions, experiments, or apparatus? 

Ans. It does not. 

Int. 173. Have you ever experimented to any considerable extent 

s of different sizes, thicknesses, and elasticity in 
speaking telephones? And, if so, state what effect such differences 
have upon sounds produced at the receiving end. 

Ans. I have made some hundreds of experiments for the purpose 
of ascertaining the effect of such differences upon the sound pro- 
duced at the receiving end. When diaph of similar thickness 
were — the — —ͤ— were —— wo the — was 
very large ay six inches the articulation e person i 
against it was * roduced by the receiving — distinctly, 
unchanged in pitch, but slightly peculiar in quality. A hollow 
resonant effect accompanied the articulation, somewhat as if the per- 
son were speaking with his head inside a barrel. When diaphragms 
of less diameter were used the articulation of the speaker was not 
impaired, but the resonant effect accompanying the voice was less 
and less as smaller diaphragms were used, and a point was reached 
when the quality of the reproduced sound was not sensibly different 
from that of the speaker. When plates of still smaller diameter 
were employed, a nasal and slightly — — effect accom panied 
thearticulation. With extremely small diaphragms a sort of “Punch 

Similar effects were noted with 


with — 
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variations in the diameter and thickness of the transmitting dia- 


phragms used. 

Certain original rs and instruments have been produced by 
ant witness, — — — been introduced as exhibits. The com- 
plainants offer them for inspection of the defendants’ counsel, and 
will produce them upon cross-examination, if required.) 


(Adjourned to Monday, July 14, 1879.) 

Boston, July 14, 1879. 

Int. 174. I call your attention to your London lecture, delivered 
before the Society of Telegraph Engineers, extracts from which have 
been put in evidence for the defendants. Please state the circum- 
stances under which you delivered that lecture. 

Ans. I was invited to deliver a lecture before the Society of Tele- 

Engineers for the of showing the various steps that 

ted in a speaking telephone. I accepted the invitation, and 

a special general meeting of the society was called. I delivered the 

lecture on the 31st of October. 1877, without notes, giving the various 

stages as well as I could from memory, as I had no memoranda with 
me to which to refer. 

Int. 175. I call your attention to the extract on 407 of that 
lecture, which the defendant has put in on page 183 of the record. 
State what experiment it was that you had in mind and which you 
there referred to in the following sentence: My friend, Mr. Thomas 
A. Watson, who assisted me in this first experiment, declared that 
he heard a faint sound proceed from the telephone at his end of the 
circuit, but I was unable to verify his assertion.” 


(Objected to as incompetent.) 

Ans. I gave my recollection of the result of the first experiment 
made with the membrane telephone referred to in my seventy-fourth 
answer. 

Int. 176. At the time you gave your London lecture what was 
your recollection as to the receiver used at that time, and as to 
whether your two first membrane telephones were made at the same 

time or at different times? 
1602 (Objected to as incompetent.) 

Ans. It was my recollection that iinmediately upon performing 
the experiment illustrated by Fig. 22 and described in my seventy- 
first answer I gave instructions to Mr. Watson to have two mem- 
brane telephones constructed ; that they were constructed within a 
few days, and tried, with the results noted in the passage quoted in 
the preceding question. My impression at the time of 1 my lecture 
was that my first two membrane telephones were constructed at the 
same time, and that one of them was used as a receiver in my first 
experiment. 

Int. 177. State whether you did or did not before the issue of 
your patent, March 7, 1876, construct or use any membrane-speak- 
ing telephones other than the two of which Exhibits 19, 22 (original 


) 1637 
Nos. 31, 34 -sixth and eight th 
oa. ) (eee your seventy and eighty-seventh answers) are 


du 
Ans. I did not 
Int. 178. What did you mean by the following passage from page 


peer $n 2 : The results, however, were unsatis- 

Ans. I ex so much that I was naturally disappointed to be 
unable myself to hear the results I had anticipated. 

Int. 179. WWW 
aging results 

Ans. I was not. I never wavered in a full and firm belief that I 
had solved the problem of the transmission of articulate 2 — 
— — be used 
or 

Int. wo por did you oe me ene sce — 
a piece of clock spring about the size and shape of your thumb nai 
. granting of my patent of March 7, 1876— 

ns. tin my t ; 
1 think within the month of March. 

Int. 181. I observe that the telephones constructed in June and 
July, 1875, of which Exhibits 19 and 22 have been put in evidence 
as duplicates, have a cylindrical and rather short tube between the 
membrane and the mouth of the speaker or ear of the listener. Had 

you ever before your application for the patent of March 7, 
1603 eee 
70 t patent 

„ 

Int. 182. Why did you show in your patent the cone A, which 
you there describe as “ used to converge sound vibrations upon the 
Ey SS 
proceed 

Ans. Because I believe such cones to be advantageous. These 
forms were well known in the state of the art at that time. I had 
become familiar with cones like that shown at A, for the purpose of 
conveying sound vibrations upon the membrane during the course of 
3 with the phonautograph ; and a cone of the form shown 
at L was known to be often used in the construction of hearing 
trumpets. 

Int. 183. Why did you show in Fig. 19 of your English t 
— . 7———§%—— — — — 
both like A in Fig. 7 of the United States patent, instead of one 
flaring one and one con verging one? 

Ans. I thought that the illustration of my United States patent, 

7, might suggest the idea that one instrument was to be used 
as a transmitter, and the other only as a receiver; and I 
in my English specification, by making the two instruments 


only 


identical construction, to show that they could be used recip- 
rocally. 

Int. 184. Please look at Fig. 25, on page 408 of your London 

i rts to be a drawing of an iron cylindrical 

The disk armature appears to be fastened 


— 
4 
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to the box with a screw or rivet. Did you ever use one so fastened? 
State, if you know, how it happened that drawing was so made. 
Ans. I presume that this drawing was made from an instrument 
which was presented to Sir William Thomson. I had the screw or 
rivet on the instrument, in order that the metallic disk 
should not be lost. It was not intended to be used so fastened. The 
instrument I gave to Sir William Thomson was not the one used at 
Philadelphia, and is different in shape, though essentially the same. 


Adjourned to Thursday, July 17, 1879. 


1604 Boston, July 21, 1879. 


Cross-examination by CausTEN Browne, Esq., of counsel for 
defendant : 


Cross-int. 185. In your sixtieth answer you 2 of making an 
exhibition in March, 1875, in the presence of Mr. Doten and Mr. 
Prescott, of your “ method of multiple transmission of telegraphic 0 
;” do you here refer to the same invention which is men- 
tioned in the fifty-ninth answer, where you say, “I was then in in- 
terference with Mr. Elisha Gray on the subject of harmonic multiple 
telegraphy ?” | 

Ans. I do. } 

Cross-int. 186. This invention so in interference with Mr. Gray 
was that for which you had filed application Feb. 25, 1875, as men- 
tioned by you in your patent No. 174,465, on page 56 of the record, 
was it not? 

Ans. I made several applications, and the one alluded to was one 
of these. 

Cross-int. 187. I suppose that you refer to the same invention, 
where you speak in your ninety-fifth answer of your method of har- 
monic multiple telegraphy, in which Mr. Hubbard was pecuniarily 
interestéd ? 

Ans. I do. 

Cross-int. 188. And I suppose this is the same invention or method 
which is referred to by you under the expression harmonie teleg- 
raphy or multiple telegraphy,” used in your eighth answer, and 
“my system of onic telegraphy,” used in the thirteenth and 
also in the nineteenth answer? 

Ans. It is. 

Cross-int. 189. The method of multiple telegraphy in question is 
described in your interference application of Feb. 25, 1875, as con- 
sisting in the simultaneous transmission of signal sounds or tones 
telegraphically by the use of several tuned transmitting reeds and a 

: like number of correspondingly tuned receiving reeds ? 
Ans. The method is not described in my application in the lan- 
guage of the question, but is substantially described as a method of 
transmitting a number of electric signals, or telegraphic 
1605 signals or messages, simultaneously along a single wire by | 
means of current interrupters and electro-magnetic receivers 
having vibratory armatures tuned to cor d to one another. 
Cross-int. 190. Is any allusion made in that specification to the 
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use of any one of those tuned receivers for the purpose of hearing 
— 1 — except the tone of the transmitter tuned in correspondence 
with it 

Ans. There is no allusion to this unless the sentence “ but other 

ts for the purpose may be devised,” in illustration of 
which I describe a telephone as one form of common receiver, can 
be taken to allude to this. 

Cross-int. 191. Please describe a little more fully the telephone in- 
ee ae a tel from the rod 
of which silk may lead to a series of bodies, such as tuning 
forks,” etc.; the construction of the telephone being such that in 
case two or more different sets of impulses be transmitted simulta- 
neously to the telephone, each will affect that one alone of the tuning- 
forks whose vibrations are synchronous with the — — 

Ans. I referred to the receiving instrument of Reis telephone, 
consisting of a rod of iron about six inches in length, supported by 
its ends upon a sounding box, and placed in the interior of a helix 
of copper wire. 

Cross-int. 192. Referring to your nineteenth answer, where you 
say that in November, 1873, you heard from a single one of your 
tuned receivers tones of different pitches transmitted by transmitters 
of different pitch, J] understand the apparatus in the use of which 
this occu to have been such an one as is represented in the draw- 
ing, Figs. 1 and 2, put in evidence with your fourteenth answer, and 
to have had two transmitting reeds and two receiving reeds, each of 
the two transmitting reeds being vibrated by its own local battery, 
and the circuit being made and broken at every vibration of either 
of the transmitting reeds; was this so? 

Ans. The experiment is not completely described in the question. 
The instruments were substantially like shown in Figs. 11 and 
12, and the arrangement upon the circuit is shown in Fig. 2, except- 
ing that during the course of the experiments a single receiver was 

placed in the circuit instead of two receivers, as shown 
1606 in Fig. 2. The batteries also only formed local batteries when 

the keys were raised. When the keys were depressed the bat- 
teries were introduced intothe main circuit and then formed a si 
battery divided into two parts, arranged for quantity. The receiv- 
ing instrument, from which two musical tones were audible, was 
similar to that shown in Fig. 3. -Otherwise than this the deserip- 
tion in question is correct. 

Cross-int. 193. It — by the record of the harmonic multiple- 
telegraph interference between you and Mr. Gray that you — — 
a caveat, sworn to Oct. 27, 1874; did you in that caveat describe or 

the use of a common receiver of several different simultane- 
ly transmitted tones? If so, will you quote the passage? 

Ans. I did not. 

Cross-int. 194. You described in this caveat the apparatus you had 
used in November, 1873, as before referred to, in your answer to Int. 
19, did not ? 

Ans. I did. 

Cross- int. 195. In the printed record of your deposition in the 


— 


multiple-telegraph interference case you say, after obtaining Mr. 
Sanders’ pecuniary assistance, “we were advised to take out a caveat 
to protect the inventions during the period of having apparatus con- 
structed for the purpose of app ying for letters patent,” and that Mr. 
Sanders’ niary assistance had been volunteered for the purpose 
of your obtaining letters patent for your inventions in the United 

States. (I refer to your seventeenth and eighteenth answers in that 
interference.) These things so stated were true, I suppose? 

Ans. They were. 

Cross-int. 196. There appears in the same interference record what 

rts to be a copy of a letter from you to Mr. Gardiner G. Hub- 

ba „dated Nov. 26, 1874; will you refer to the printed matter I 
refer to, and say whether it is a true copy of a letter written by you 
to him at that date? 

Ans. It is. 


(The counsel for the defendants puts in evidence a copy of the 
printed letter of Nov. 26, 1874; just referred to, and it is marked 
_ . “Defendants’ Exhibit Bell Letter to Hubbard, Nov. 26, 1874, 
1607 W. P. Preble, Jr., examiner ;” also a copy of the Bell caveat 
of Oct. 27, 1874, as printed in said interference record, and it is 
marked “ Defendants’ Exhibit Bell Caveat, W: P. Preble, Jr., ex- 
aminer.”) 

Cross-int. 197. In the same interference record I find printed what 
— entitled a caveat — A —1— at it, and 200 whether 

at is a true copy of a paper prepared by you as a supplement to 
your caveat of October, 1874 N 

Ans. It is a true copy of a portion of the original caveat. At the 
time my deposition was first taken in the harmonic multiple-tele- 

h interference, I was unable to produce this portion of the caveat, 
Put it was subsequently found and put into the case. 

Cross-int. 198. When did you first furnish to any one a descrip- 
tion of, or make a drawing of, or make a model of an apparatus in 
which a single plate of inductive metal was used for a transmitter 
and a single plate of inductive metal used for a receiver, the con- 
struction —— that the vibrations of the air produced by the 
human vojce, directed against either of such plates, would be repro- 
duced audibly by the other plate, so that the transmitting plate could 
be used to receive or the — plate to transmit, — 
being what is known as reci transmission? Observe, I do not 
ask you when you conceived of it, but when, as a matter of fact, 
furnished to any one a description or made a drawing or made a 
model of it. 

Ans. I furnished a description of such an apparatus for reciprocal 
transmission, in which the inductive plate was to be attached to a 
membrane, to Mr. Thomas A. Watson, on the 2d of June, 1875. 
Models were made soon afterwards. 

Cross-int. 199. Do you refer to the two hones like those shown 
in your patent of 1876, having at each of the line a hinged 
armature vibrated by a membrane? 


Ans. I refer to the two telephones described in my seventy-foarth 


j 
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and eighty-fourth answers, substantially like those shown in Fig. 7 
of my patent, having membranes carrying hinged armatures. 

Cross-int. 200. I did not intend to include in my question that 
construction. I meant to inquire as to a construction in which the 
inductive plate at each end of the line received the vibrations of the 

air directly, or in which such vibrations were received upon 
1608 a membrane carrying as part thereof a piece or patch of in- 

ductive metal, as in the case of the membrane transmitter 
used at the Centennial. 

Ans. I cannot give the exact date when such a construction of 
apparatus was first described or put into a drawing or model. I 
simply remember that it was not long after the granting of my pat- 
ent of March 7, 1876; I think about the end of March or early in 
April, 1876. 

Cross-int. 201. Do you understand that you have put in evidence 
. the description or drawing or model to which you now re- 
er 

Ans. I am not certain whether one of the models put in evidence, 
Exhibit 28, was not made about that time and is the original; I 
think it is; and the other models, Exhibits 26 and 27, though not 
the identical instruments used at that time, are substantially similar 
to them. I think the earliest description put in evidence is to he 
found in paragraph 12, Exhibit 46, Vol. II, of the record. 

Cross-int. the case you are now speaking of, did you em- 
ploy electro-magnets or permanent magnets ? 

ns. Electro-magnets. 

Cross-int. 208. I understand you to have testified that in an experi- 
ment on or about June 2, 1875, you noticed that by the vibration of 
a tuned reed within the magnetic field of an electro-magnet, which 
was not at the time under the influence of a battery, but which was 
not yet discharged, the tone of the reed was reproduced at the receiv- 
ing end by virtue of the residual magnetism in the coreof the electro- 
magnet ; that is so, is it not? | 

Ans. It is; the residual magnetism of the core and reed. The 
latter was of steel, and probably retained a greater amount of mag- 
netism than * — 

Cross-int. 204. When did you first furnish to any one a descrip- 
tion, or make a drawing. or make a model of an apparatus in which 

rmanent — used instead of electro-magnets (no battery 

ing loved), the undulations —ͤ— upon the line wire 
by the vibration of inductive plates within the field of the perma- 
nent magnets? 

Ans. I furnished a drawing of such an arra ent within a few 

days after the 27th of Octuber, 1874. i described such an 
1609 arrangement previously to that date in Canada at my father’s 

house. The drawing referred to has been put in evidence in 
my forty-ninth answer and is marked “ Exhibit 18. Fig. 2,” and is 
described in my forty-eighth answer. 

Cross-int. 205. Does this forty-eighth answer describe an apparatus 
in which a permanent magnet an inductive plate are employed 
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at each end of a line wire for the purpose of the electrical transmis- 
sion of the vibrations of the ? 

Ans. Itdoes describe such an apparatus, more than one plate being 
used at each end of the circuit. 

Cross-int. 206. Do you mean that an arrangement of permanent 
m such as is shown in Fig. 2 of Exhibit 18, was intended to 
be used at end of the circuit ? 

Ans. Yes. | 

Cross- int. 207. My Int. 204 was intended to inquire when you first 
furnished to any one a description, or made a drawing, or made a 
model of an apparatus in which a permanent magnet was used in- 
stead of the electro-magnet at each end of the circuit, the undulations 
being thrown upon the line wire by the vibration of an inductive 
plate within the field of the permanent magnet at the transmitting 
end and ——s — — 1 in the corresponding 
inductive plate vibrating within the field of the permanent magnet 
at the receiving end. Will you tell me? 

Ans. I think the question is fairly answered by reference to this 
same drawing, Figs. 1 and 2, Exhibit 18. The mode of operation of 
the apparatus shown was presumed to be as follows: Upon vibrating 
one of the polarized reeds, shown in plan in Fig. 1 and in section 
in Fig. 2, a magneto-electric current would be generated in the coils 
surrounding the permanent — — N S, NS, Fig. 2; and this 
magneto-electro current, ye rough the coils of a similar a 
paratus at the other end of the circuit, would occasion the forcible 
eg of that reed at the receiving station which was in unison 
with it. 

Cross-int. 208. You did not notice that my question was limited 
to an apparatus in which a permanent magnet was used instead of 
the electro-magnet at each end of the circuit, and did not embrace 

in its terms an apparatus in which a pair of permanent mag- 
1610 nets was used at each end in the manner and for the purpose 

which you have been describing. With that explanation, 
please answer the question. 

Ans. I must again refer to the same drawing, Exhibit 18. I de- 
scribed to Dr. Blake the effect of vibrating a polarized plate like 
those shown in this drawing in frout of a permanent magnet, the 
poles of which were surrounded by coils of insulated wire. I drew 
such an arrangement, and added on another permanent magnet, ar- 
— in the same way, to show him how the effect of the vibration 
could be increased by using a pair of magnets instead of a single one. 
The completed drawing is that shown in Fig. 2, Exhibit 18. 

Cross-int. 209. You are speaking, I suppose, of the same thing you 
described in your answer to the forty-eighth question ? 

Ans. I am. 3 

Cross-int. 210. Now please tell me when you first had an apparatus 
in which a single — magnet, with a single inductive plate 
vibrating in its field, was used or to be used at each end of the cir- 
cuit. 

Ans. I do not know. - I know that I used such an apparatus earl 
in July, 1876, and, although I cannot now recall the use of any su 
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1 — at an earlier date, I feel confident that I must have tried 
it 


int. 211. You mean by your last answer that you know you 

used, early in July, 1876, an apparatus having a single permanent 

— — with a single inductive plate vibrating in its field at each 
of the circuit, and using no battery ? 

Ans. I cannot be certain whether such an apparatus was used at 
each end of the circuit, but I am certain that such an apparatus was 
used as a transmitting and receiving telephone without any battery 
upon the circuit early in July, 1876, and the permanent magnet used 
has been placed in evidence in my one hundred and sixty-third 
answer, and marked “ Exhibit 31.” 

Cross-int. 212. When you say that you are “certain” that such an 

was used asa transmitting and receiving telephone, do 
you mean that the same permanent magnet and vibrating plate (the 
magnet being Exhibit 31) were used first to transmit and then to 
receive? 
1611 Ans. I do. 

Cross-int. 213. Now please name the earliest time when you 
are certain that a permanent magnet and vibrating plate at each end 
of the circuit was used or constructed for use by or for you, no bat- 
tery being employed. 

ns. About the end of October, 1876. I am sure such an arrange- 
ment was used by me at a very much earlier date, although I cannot 
now recall the details or the date. 

Cross-int. 214. How do you explain this language, which I find in 
your preliminary statement, made under oath in the speaking-tele- 
7 interſerences I and J, such statement being sworn to Nov. 20, 

878: “In the latter part of November, 1876, I dispensed altogether 
with the use of a battery in my working instrument, and used per- 
manent magnets and metal diaphragms in both my transmittin 
and receiving instruments, the instruments being duplicates of eac 
other?” This appears to me to be inconsistent with the statement 
you now make, that about the end of October, or much earlier, you 

in use an apparatus with a permanent magnet and vibrating 
plate at cach end of the circuit, and no battery. How do you recon- 
cile them? 

Ans. The passage in the preliminary statement refers to the time 
when I relinquished the use of a battery entirely in my experiments, 
and had permanently adopted the permanent magnet as a substitute. 
Previously to that time I had been using, experimentally, sometimes 
permanent magnets, sometimes batteries. 

Cross-int. 215 (de bene). In you letter dated Nov. 12, 1876, put in 
evidence in your one hundred and sixty-fourth answer, you say: 
“ This evening we have made another discovery of a very important 
kind, which will lead to the reduction of battery required, or to the 
omission of batteries altogether.” What was that important dis- 
covery which you made in the evening of Nov. 12, 1876? 

Ans. The discovery that a permanent magnet telephone could be 
practically used on a real line of considerable resistance without any 
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at each end of a line wire for the purpose of the electrical transmis- 
sion of the vibrations of the plates? 

Ans. Itdoes describe such an apparatus, more than one plate being 
used at each end of the circuit. 

Cross-int. 206. Do you mean that an arrangement of permanent 
magnets, such as is shown in Fig. 2 of Exhibit 18, was intended to 
be used at each end of the circuit ? 

Ans. Yes. 

Cross-int. 207. My Int. 204 was intended to inquire when you first 
furnished to any one a description, or made a drawing, or made a 
model of an apparatus in which a permanent magnet was used in- 
stead of the electro- magnet at each end of the circuit, the undulations 
being thrown upon the line wire by the vibration of an inductive 
plate within the field of the permanent magnet at the transmitting 
end and pe ager corresponding vibrations in the corresponding 
inductive plate vibrating within the field of the permanent magnet 
at the receiving end. Will you tell me? 

Ans. I think the question is fairly answered by reference to this 
same drawing, Figs. 1 and 2, Exhibit 18. The mode of operation of 
the apparatus shown was presumed to be asfollows: Upon vibrating 
one of the polarized reeds, shown in plan in Fig. 1 and in section 
in Fig. 2, a magneto-electric current would be generated in the coils 


surrounding the permanent — — N S. NS, Fig. 2; and this 


magneto- electro current, 2 rough the coils of a similar a 
paratus at the other end of the circuit, would occasion the forcible 
— of that reed at the receiving station which was in unison 
with it. 7 

Cross-int. 208. You did not notice that my question was limited 
to an apparatus in which a permanent magnet was used instead of 
the electro-magnet at each end of the circuit, and did not embrace 

in its terms an apparatus in which a pair of ent mag- 
1610 nets was used at each end in the manner and for the purpose 

which you have been describing. With that explanation, 
please answer the question. 

Ans. I must again refer to the same drawing, Exhibit 18. I de- 
scribed to Dr. Blake the effect of vibrating a polarized plate like 
those shown in this drawing in frout of a permanent magnet, the 
poles of which were surrounded by coils of insulated wire. I drew 
such an arrangement, and added on another permanent magnet, ar- 
ranged in the same way, to show him how the effect of the vibration 
could be increased by using a pair of magnets instead of a single one. 
The completed drawing is that shown in Fig. 2, Exhibit 18. 

Cross-int. 209. You are speaking, I suppose, of the same thing you 
described in your answer to the forty-eighth question ? 

Ans. I am. | 

Cross-int. 210. Now please tell me when you first had an a 
in which a single ae magnet, with a single inductive plate 
vibrating in its field, was used or to be used at each end of the cir- 


cult. 
Ans. I do not know. - I know that I used such an apparatus earl 
in July, 1876, and, although I cannot now recall the use of any su 
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a tus at an earlier date, I feel confident that I must have tried 
it 

Cross-int. 211. You mean by your last answer that you know you 
used, early in July, 1876, an apparatus having a single permanent 
magnet, with a single inductive plate vibrating in its field at each 

of the circuit, and using no battery ? 

Ans. I cannot be certain whether such an a tus was used at 
each end of the circuit, but I am certain that such an apparatus was 
used as a transmitting and receiving telephone without any battery 
upon the circuit early in July, 1876, and the permanent magnet used 
has been placed in evidence in my one hundred and sixty-third 
answer, and marked “ Exhibit 31.” 

Cross-int. 212. When you say that you are “certain” that such an 
apparatus was used as a transmitting and receiving telephone, do 
_ you mean that the same permanent magnet and vibrating plate (the 

magnet being Exhibit 31) were used first to transmit then to 

receive? 
1611 Ans. I do. 

Cross-int. 213. Now please name the earliest time when you 
are certain that a permanent magnet and vibrating plate at each end 
of the circuit was used or constructed for use by or for you, no bat- 

being employed. 

ns. About the end of October, 1876. I am sure such an arrange- 
ment was used by me at a very much earlier date, although I cannot 
now recall the details or the date. 

Cross-int. 214. How do you explain this language, which I find in 
your preliminary statement, made under oath in the speaking-tele- 
phone interferences I and J, such statement being sworn to Nov. 20, 

878: “In the latter part of November, 1876, I dispensed altogether 
with the use of a battery in my working instrument, and used per- 
manent magnets and metal diaphragms in both my transmittin 
and receiving instruments, the instruments being duplicates of each 
other?” This appears to me to be inconsistent with the statement 
— now make, that about the end of October, or much earlier, you 

in use an apparatus with a permanent magnet and vibrating 
plate at each end of the circuit, and no battery. How do you recon- 
cile them? 

Ans. The passage in the preliminary statement refers to the time 
when I relinquished the use of a battery entirely in my experiments, 
and had permanently adopted the permanent magnet as a substitute. 
Previously to that time I had been using, experimentally, sometimes 
permanent magnets, sometimes batteries. 

Cross-int. 215 (de bene). In you letter dated Nov. 12, 1876, put in 
evidence in your one hundred and sixty-fourth answer, you say: 
“ This evening we have made another discovery of a very important 
kind, which will lead to the reduction of battery required, or to the 
omission of batteries altogether.” What was that important dis- 
covery which you made in the evening of Nov. 12, 1876? 

Ans. The discovery that a permanent magnet telephone could be 


practically used on a real line of considerable resistance without any 
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phones before in laboratory experiments, but this, I believe, was the 
first time I had practically tested such instruments upon a 
1612 real telegraph line, although I had constructed an instrument 
in July, 1876, intended to be used in attempting to transmit 
between Boston and Philadelphia, if the judges of the Cen- 
tennial Exhibition had called for the experiment. The magvet of 
that instrument has already been referred to, and has been put in 
evidence as Exhibit 43. 

Cross-int. 216. I wish now to read you the sentence just quoted 
from your letter of Nov. 12, 1876, in connection with the sentence 
next preceding, the whole being as follows: “We cut out the 
battery, and could distinctly hear the tones of Mr. WatGon’s voice 
singing one of Moody and Sankey’s hymns, without any battery 
at all. This evening we have made another discovery of a very 
important kind, which will lead to the reduction of the battery 
required, or to the omission of batteries altogether.” Do you still 
say that what is referred to as “another discovery” was the discovery 
that the magneto-electric impulse alone, without a battery, could be 
transmitted over a long line? 

Ans. I said that the discovery was that a “permanent magnet tele- 
phone” could be practically used on a real line of considerable 
resistance. The first sentence quoted referred to an experiment with- 
out a battery, in which the nets used were ordinary electro-mag- 
nets, which retained some residual magnetism. The latter sentence 
refers to an experiment in which a permanent magnet telephone was 
used, and the results were so much better than in the first experi- 
ment as to convince me that such telephones could be practically 
used upon real lines. 

Cross-int. 217. When I represented you in my last question as 
having said that what was referred to as “another discovery,” was 
the discovery that the magneto-electric impulse alone, without a 
battery, could be transmitted over a long line, I did not observe 
that you had (properly, of course) struck out from two your hundred 
and fourteenth answer these words which fell from your lips, and 
were at first recorded with your answer: “And it took much time 
and many experiments to disabuse my mind of the idea that had 
been in my way from my first conception of the magneto-electric 
speaking telephone in 1874 up to this time, namely, that the currents 

generated in such an apparatus, without a battery, would be too 
1613 feeble for practical use upon real lines.” It it true, is it not, 
that you had been under that impression ? 

Ans. It is true that I was fully under that impression up to July, 
1876. I then began to doubt whether I had not been mistaken in 
this idea. Subsequent laboratory experiments served to strengthen 
the doubt, and the experiment referred to demonstrated that perma- 
ment magnet telephones could be practically used on real lines. 

Cross-int. 219. You mean the experiment of Sunday, Nov. 12, 
1876, between Boston and Cambridge? 

Ans. I do, although I believed that other experiments previously 
made, but not on real lines, had demonstated this point. 

Cross-int. 219. Did you actually use a permant magnet at each 
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end of the line, in place of the ret and without a bat- 
tery, in the experiment between Boston Cambridge on Sunday, 
~— — 1876 * a 
ns. I am not sure; my impression is that a permanet magnet 
telephone was used at one end and an eleetro- magnet telephone at the 
other. I may, however, be mistaken in this, and it is quite possible 
that permanent magnet telephones were used at both ends. 
Cross-int. 220. Are you quite sure that a permanent magnet tele- 
ne was used at either end of the line in that experiment of Sun- 
N a} 12, 1876? iia ie 
ns. I am quite sure a permanent magnet telephone was 
used at the Boston end. 


(Adjourned to July, 1879, at 2.30 p. m.) 


Boston, July 23, 1879. 


Cross-int. 221. Referring now to — twenty-first and twenty- 
second answers,in which you say in the winter of 1873, you 


think about December, you arranged your multiple telegraph instru- 
ments with an induction coil placed between the interrupter and the 
receiver, and produce three drawings, Figs. 4, 5, and 6, which are 
copied at page 114 of the record, representing such arrangements 


and a modification of them. I will ask you to explain briefly the 
operation of what is shown in these drawings; first in Figs. 4 and 5, 
and 1 as 7 in Fig. 6. ra i 
Figs. 4 represent arrangement devised in 
1614 the winter of 1873. At each station shown in Fig. 4 an in- 
terrupter is placed in the primary circuit of an induction coil 
— ~y — h k —— key 
rt-circui y a ph key. e i ey 
causes the secondary circuit of the coil to form a portion of the main 
current, and the impulses induced in the secondary coil by the opera- 
tion of the interrupter in the primary circuit are thus caused to trav- 
erse the main circuit, passing through the coils of all the receiving 
instruments, and causing the forcible vibration of the armatures of 
such of those receivers whose rates of vibration correspond to that 
of the armature of the interrupter in the primary circuit. The in- 
struments are so arranged that the depression of any key causes the 
forcible vibration of one, and one only, of the receiving instruments 
at each 1 — from it a loud musical tone, the duration 
of which depends upon the length of time the tel key is kept 
depressed. Thus the ion of any telegraph key in the ordinary 
manner to transmit a telegraph message by the Morse causes 
a succession of loud musical tones from one of the receivers at each 
station, the duration of each sound corresponding to the dot or dash 
of the Morse aaa that the message transmitted could be read 
by any skilled Morse operator listening to the receiving instrument. 
= each — + a — — were to have different rates of 
vibration, receivers at station corresponded respectivel 
to the interrapters in their normal rate of vibration. The — 
tage derived by the multiple arrangement of interrupters and re- 
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ceivers was that more than one telegraphic message could be trans- 
mitted and received simultaneously without confusion. It was only 
necessary that the messages should be transmitted by means of in- 
terrupters having different rates of vibration, the signals from the 
interrupters affecting different receivers at each station. 

The arrangement shown in Fig. 5 illustrates a plan of doubling 
the carrying capacity of the wire under the harmonic multiple tele- 
graphic shown in Fig. 4. The current from an interrupter 
is shown in Fig. 5 to be divided between two induction coils, one 
portion of the intermittent current passing through the primary 
circuit of one of the coils, the other portion — the primary 

circuit of the other. The secondary circuit of one of the coils 
1615 (which is here designated as the primary induction coil) 

forms a portion of the main circuit, and the currents induced 
in it traverse the coilsof the receiving instruments shown, which repre- 
sent one receiver at the same station and another at a distant station, 
both corresponding in rate of vibration to that of the — 
shown. The secondary circuit of what is here termed the secondary 
induction coil is connected with coils passing around the magnet of 
the — — at the same station, the wires being so con- 
nected that the induced currents from the secondary induction coil 


those from the primary induction coil in the receiving in- 


strument. Resistance is inserted at R, so as to make the currents 
from the secondary induction coil just powerful enough to neutralize 
the effect of the primary induction coil upon the receiving instru- 
ment at that station. Thus any signals sent by means of the inter- 
rupter shown in Fig. 5 would affect corresponding receivers at dis- 
tant stations, but would not affect the corresponding receiver at its 
own station. But that receiver would be affected by impulses trans- 
mitted from a corresponding interrupter of a distant station; and 
thus, while the operator at the station shown in Fig. 5 could be send- 
ing a message by means of the transmitter shown, another operator 
at that same station could be receiving a different telegrapic mes- 
sage from a distant station, sent by the operation of an interrupter 
of similar rate of vibration to that operated at his own station. I 
propose to duplex each interrupter and corresponding receiver, as 
shown in this diagram, at each station. 

In Fig. 6 is shown a modification of the plan shown in Fig. 4, in 
which a common induction coil is used at each station for all the 
interrupters and receivers. The secondary wires of the coil are per- 
manently in circuit with the main line, but a switch or “cut-off” is 
— by means of which the secondary coil may be short-cir- 
cuited when the interrupters are not in use, so as to reduce the re- 
sistance of the main line. A single battery is employed to work all 
the interrupters at each station, and the depression of any key causes 
the current from any interrupter to pass through the primary cir- 
cuit of the induction coil, and thus causes secondary impulses to ap- 
pear upon the main line, occasioning the forcible vibration of the 
proper receiver at each station, and the audible production of the 
proper musical signal. 7 a 


— 
* 
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1616 Cross-int. 222. In your preliminary statement, sworn to 

May 8, 1876, in the multiple-telegraph interference, I find 
this pa : “I saw that one wire would suffice for communica- 
tions simultaneously in both directions, if free earth communication 
could be secured at each end of the line. My first attempt to solve 
the problem was by the application of artificial resistance, as shown 
in Fic. 10. When the line was put to earth at the two extremities 
of the circuit A and N, any intermediate station (C) could cause 
half the intermittent current from its battery to pass to earth at A 
and the other half to the earth at N, by putting sufficient resistance 
on the shorter circuit. Study of the arrangement, however, con- 
vinced me that the problem could not be solved by any arrange- 
ment of artificial resistances, and I was for a time at a loss how to 
overcome the difficulty. Early in December, 1873, it flashed across 
me that the intermittent current might be induced upon the line 
wire, in which case there would be no difficulty in having free 
earth communication at both ends of the circuit. The — 
ment, as conceived, is shown in Fig. 11. I saw also that the du- 
plex principle could be applied, as in Fig. 12, so as to double the 
number of messages possible upon the acoustical plan.” Does 
this passage refer to the same arrangement for inducing the inter- 
— upon the line wire that you describe in your last 
answer 

Ans. A portion of it does, the part referring to Figs. 11 and 12. 
Figs 4 and 5, on ge 114 of the record, are reproductions of these. 

int. 223. W en were these figures, as put in with the pre- 
94 — and as there designated Figs. 11 and 12, made? 

Ans. They were drawn somewhere about the 27th of April, 1876, 
for my preliminary statement in the harmonic-telegraph interference; 
but similar drawings were made a very long time before that date, 
certainly in January, 1874, if not earlier. 

Cross-int. 224. I understand you to say in effect that drawings 
such as Figs. 4 and 5, page 114 of the record, were made at or 
shortly after your conception, in December, 1873, of the arrange- 

ment which such drawings show for inducing the intermit- 
1617 tent current upon the line wire, and for the application of the 
duplex system. 

Ans. I do. course I cannot be sure that the drawings were 
identical in every particular as to form of apparatus, etc.; but I am 
sure that drawings were made at that time substantially similar to 
those in Figs. 4 and 5 of the record in arrangement upon circuit, 
and in every particular essential to the conceptions described in my 
two hundred and twenty-first answer. 

Cross-int. 225. Did you practically try the arrangement which 
you so conceived in December, 1873, for inducing the intermittent 
current on the line wire? 

Ans. I did not at that time. 

Cross-int. 226. At what time did you ? 

Ans. I made numerous experiments with induction coils in the 
winter of 1874 75, but I cannot be certain that the full arrange- 
ment of circuit shown in Fig. 4 was tried, but I believe it was. I 
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at all events remember experimenting with a single induction coil, 
having an interrupter and receivers arranged as in Fig. 4; and I 
remember changing the interrupter, substituting for it an inter- 
rupter of different rate of vibration. The point I am uncertain 
about is as to whether a number of induction coils were used, as in 
Fig. 4. The arrangement shown in Fig. 5 was not tried. I can- 
not fix the dates of these experiments otherwise than the winter 
of 1874.75. They might have been as early as the Ist of Novem- 
ber, 1874. 

Cross-int. 227. Going back for a moment to the drawings or 
sketches which were made (similar to Figs. 4 and 5) in or shortly 
after December, 1873, when you conceived the idea of inducing the 
intermittent current on the line wire, did you preserve these sketches 
up to the time of preparing your caveat with similar ones, in Octo- 
ber, 1874, or did you make the caveat sketches in October, 1874, 
from memory of the original ones or of the device which they were 
made to represent ? 

Ans. The drawings for my caveat were made some of them from 
memory, others from memoranda that had been made at an earlier 
time; but whether the icular drawings referred to were made 
from inemory or from the original sketches I do not now remember. 

Numerous sketches had been preserved that were made in 
1618 January, 1874, but I cannot now remember whether these 
were among the number; my impression is that they were. 

Cross-int. 228. I suppose the original sketches which I inquired 
about are not now in existence? 

Ans. I do not know. When my deposition was taken in the 
harmonic-telegraph interference some original sketches made in the 
winter of 1873-74 were put in evidence and, I presume, have been 
preserved. Others were not put in evidence, and I do not know 
what has become of them. It is probable they are still in existence, 
but I have not found any among my memoranda. I cannot say at 
the present moment whether the original sketches referred to were 
put in evidence in the harmonic-telegraph interference case or not. 

Cross-int. 229. After the experiments were tried in the winter of 
1874-75, which you have mentioned, what did you ever do, with a 
view to the practical trial of the arrangement you had conceived for 
inducing the intermittent current on the line wire, or for any use of 
the induction coil between the interrupter and the receiver? 

Ans. I satisfied myself by practical experiment that an induction 
coil could be practically used, but my difficulty was to get inter- 
rupters so tuned as not to interfere with one another's action. A 
great portion of my time from February, 1875, to June, 1875, was 
taken up in experiments to overcome this difficulty. 

Cross-int. 230. With what result? 

Ans. The experiments led me to the discovery made on the 2d of 
June, 1875, which has been described at length in my deposition. 

Cross-int. 231. Please now briefly describe that discovery again. 

Ans. The discovery was that the magneto-electric current pro- 
duced by the vibration of a steel reed or of a permanent magnet, in 


1649 


front of an electro-magnet, was sufficiently powerful to be utilized 
for the production of sound by electric means. 

Cross-int. 232. And this discovery enabled you to induce currents 
as desired in a primary circuit, did it? 

Ans. It did. : 

Cross-int. 233. Did you at any time after that make any practical 
trials in reference to the use of an induction coil for inducing cur- 


rents upon the line wire? 
Ans. I did; many. 
1619 Cross-int. 234. For what purpose and with what result? 


Ans. For the purposes of multiple telegraphy. I found 

that the currents induced in the secondary circuit of an induction 

coil by the action of an interrupter in the primary circuit occasioned 

a much more powerful vibration of the tuned reeds of my harmonic 

— than the magneto- electric currents I was then able to pro- 
uce. 

Cross-int. 235. Did you, in consequence of this observation, apply 
to practical use the induction coil with a secondary circuit? 

Ans. I did not. I kept it in view in experiments relating to mul- 
tiple telegraphy, but I believed that the m lectric currents 

many — ſor this purpose if the strength of the 
magneto- currents could be incrensed, and that they could be used in 
addition for the transmission of articulate speech electrically; and 
I, therefore, devoted most of my time to ascertaining the conditions 
under which the most powerful magneto-currents were produced. 

Cross- int. 236. And in that direction you met with satisfactory 
success, did you not? 

Ans. I met with encouraging success in this direction. 

Cross-int. 237. And at last with satisfactory success? 

Ans. I did. 

Cross-int. 238. Did you ever describe or show in any patent of 
yours, in this country or abroad, the use of on induction coil for the 
purpose of inducing a current upon the line wire? 

Ans. I did; in my English patent of Dec. 9, 1876, and in an ap- 
plication for a United States patent, filed March 10, 1875, and also 
referred’ to in Defendants’ Exhibit A, being an application of Feb. 
25, 1875, where I say: “A single wire for communication in both 
directions may be used. This will necessitate the employment of an 
induced current, and, in this case, the duplex principle can be ap- 

lied to my system. The arrangement of apparatus for this pu 
Ido not, however, here describe, inasmuch as I make it the subject 
of separate application for letters patent.” 

Cross-int. 239. Did this “separate application” proceed to patent, 
or was it stopped by interference ; and, if so, with what? 

Ans. It was stopped by interference with an application or appli- 
cations of Mr. Elisha Gray, and the interference has not yet 

decided. 
1620 Cross-int. 240. I hand you a printed copy of an American 
application for a patent by yourself, filed March 10, 1875, and 
ask — — that is the “ separate application above referred to? 
t is. 
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Cross-int. 241. To identify the application just shown you, I will 
ask you if it contains the following from the preamble and the claim: 
My present invention is directed to the adaptation of the system 
aforesaid to an induced current, whereby messages can be sent in 
both directions along a single line wire. To effect the transmission 
along the line wire of a succession of secondary or induced electrical 
impulses I find it to be necessary that the successive and alternate 
es and breaks of the primary circuit should be of equal and 
uniform duration. What I claim and desire to secure by 
letters patent is in a system of telegraphy in which the receiver is 
put in vibration by electrical impulses sent along the line wire from 
the transmitting station, as described. I claim the employment at 
the transmitting station, in connection with the line wire and an in- 
duction coil, of a primary circuit (and) apparatus’ for making and 
breaking said circuit a definite number of times per second or other 
unit of time, with makes and breaks of equal duration, substantially 
in the manner described, so that the positive and negative impulses 
thereby induced in the line wire shall succeed each other at equal 
intervals of time?” 
Ans. It does. | 
Cross-int. 242. Was this application of yours put in interference 
with the then pending application of Gray, filed June 27, 1874, on 
page 582 of Vol. II of the printed record, and on which he obtained, 
uly 27, 1875, his patent No. 166,095, or with the then pending ap- 
plication of Mr. Gray, filed April 18, 1874, on which he obtained a 
— July 27, 1875, No. 166,096, which is found on page 621, Vol. 
I, of the printed record ? 


(Objected to as immaterial and incompetent.) 


Ans. I do not know. : 

Cross-int. 243. Do both of the patents of Mr. Gray, to which I just 
referred, and for which his applications were pending in March, 1875, 
show a primary circuit and a secondary circuit, currents being in- 

uced in the secondary by an induction coil ? 
1621 Ans. They do show a primary and secondary circuit, cur- 
rents being induced in the secondary circuit by the rapid in- 
terruption of the primary circuit. 

Cross-int. 244. In your preliminary statement in the multiple- 
telegraph interference I find these passages: “ During the summer 
of 1874 doubts occurred as to the operation of the induced current. 
When the primary circuit of an induction coil is closed a momen- 
tary impulse of positive electricity is induced upon the secondary 
circuit, and when it is —— an impulse of negative — 55 

rs upon the wire. I feared that the induced current would 
insufficient to set the armatures of the receiving instruments in oper- 
ation, unless the negative impulses came exactly midway between 
the positive impulses, and unless the armatures of the — in- 
struments were rendered permanently magnetic so as to be alter- 
nately attracted and repelled by their electro-magnets. The thought 
occurred of inducing the impulses by means of a permanent magnet 
instead of a battery. 
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“ Reflection convinced me that however feasible the scheme looked 
upon paper it was impracticab!e, as the induced currents would be 
far too feeble to overcome any great resistance. For the same reason 
the plan shown in Fig. 15 seemed impracticable save in theory, and 
I began to look about for some other method of inducing alternate, 
positive, and negative impulses, which should succeed each other at 
equal intervals of time, and at last I hit upon the — of making 
and breaking contact by means of a revolving cylinder, as shown in 
Fig. 17. In the autumn of 1874 Mr. Thomas Sanders, of Haverhill, 
Mass., offered to assist me in obtaining patents. It was decided to 
file a caveat,” etc. 

Was the “ plan of making and breaking contact by means of a 
revolving cylinder, as shown in Fig. 17,” an apparatus similar to 
that mentioned in the claim of your application of March 10, 1875, 
for making and breaking the circuit a definite number of times per 
second, or other unit of time, with makes and breaks of equal dura- 
tion; if not, how did it differ substantially from it? 

Ans. It was such an apparatus. I should like to remark in refer- 
ence to the first part of the question that the scheme which I stated 

appeared to me in the summer of 1874 as “ impracticable,” 
1622 on account of the supposed feebleness of the induced currents, 

referred to my method of inducing currents by the vibration 
of magnetized reeds, and did not refer to the currents induced by an 
induction coil and battery alluded to in the first part of the quota- 
tion. 

Cross- int. 245. I will ask your attention again to the subject of 
the experiment in which, being engaged in the transmission of the 
tones of two tuned transmitting reeds for the purpose of vibrating 
two correspondingly tuned receiving reeds, you observed that the 
tones of both the transmitting reeds were audible from one of the 
receiving reeds, which happened to be out of tune with its mate. 
Did you satisfy yourself at that time that the sound of two trans- 
mitted notes which you heard did not proceed from the core of the 
magnet? I refer to the experiment of November, 1873, mentioned 
in your nineteenth answer. 

ns. I did not. The idea did not occur to me under the circum- 
stances of the experiment, for I felt the trembling of the armature 
with my finger, and I did not know at that time that a sound was 
produced by a core under the circumstances of the experiment. 

Cross-int. 246. Did vou ever satisfy yourself on that point, either 
as to that experiment or as to any subsequent one conducted under 
exactly similar conditions ? : 

Ans. I did. 

Cross-int. 247. Will you describe how you so satisfied yourself, 
and when it was, and state the circumstances ? 

Ans. In November, 1874, I discovered that a sound proceeded 
from the core of an electro-magnet which was placed in circuit with 
a current interrupter, and shortly afterwards I compared the sound 
produced in this manner with the sound produced a reed sub- 
jected to the attraction of that same electro-magnet. I cannot recall 
the uae oe any particular experiment made to test this point, 


1652 


but can give the general results uf a number of experiments made 
during the winter of 1874 75, which satisfied me upon the point 
alluded to. I found that a musical tone was audible upon placin 
the ear in close contact with the reed when it was held at a consid- 
erable distance from the pole of the electro-magnet, but still within 
its field. Upon gradually bringing the reed nearer to the 
1623 magnet the loudness of the sound increased, but upon touch- 
ing the pole of the magnet the sound changed its character 
altogether ; it was much feebler and different in quality. It was 
also noticed that the sound audible from the core of the magnet 
when the reed was removed was materially different in quality from 
that heard from the reed when it was held a short distance from the 
pole. The sound audible from the core partook more of the nature 
of a noise than a musical note, and was accompanied by a curious 
crackling effect, while that heard from the reed had more of a 
musical quality about it, and no crackling effect accompanied it. 

Cross-int. 248 (de bene). In your letter of March 18, 1875, put in 
evidence with your fifty-seventh answer, you speak of telling Prof. 
Henry “ that on — current of intermittent electricity through 
an empty helix of insulated copper wire a noise could be heard pro- 
ceeding from the coil similar to that heard proceeding from the tele- 
phone.” Did you never afterwards learn that that fact had been 
observed alrea y by some one before you ? 

Ans. I did. I found that this fact had been discovered by De la 
Rive. It is referred to in a paper hy him in the “Annales de 
Chimie et de Ph — Zd series, Vol. XVI, page 104. 

Cross- int. 249 (de bene). In this same letter you speak of an exhi- 
bition which you made shortly before the date of the letter at the 
office of the Western Union Company, in New York. Do you mean 
to be understood by what you say in the letter on that subject that 
Messrs. Orton and Prescott received what you then communicated 
— thems as new and valuable in comparison with what they already 

new’ ä 

Ans. Such was the impression I derived from my conversations 
with them. 

Cross-int. 250. Will you state any particular thing which Mr. 
Prescott said, or which Mr. Orton said in his presence, that gave 
you this impression ? 

Ans. Mr. Prescott devoted a considerable portion of his time to 
questioning me concerning the details of my scheme of harmonic 
multiple te egraphy, and seemed much interested in the subject on the 
occasion of my first visit to the Western Union office; and on the occa- 

sion of my second visit, which was next day, I requested the 

1624 return of the apparatus which I had left at the office for the 
_ purpose of exhibiting the same to the president of the At- 
lantic and Pacific Telegraph Company. Mr. Prescott seemed much 
disturbed at this, and requested me to wait while he talked with Mr. 
Orton concerning the matter. I did so. Mr. Prescott was gone a 
very long time—my impression is about an hour; and when he re- 
returned he stated that Mr. Orton was anxious to see me upon the 
subject. I thereupon saw Mr. Orton, and had some conversation with 


* — 


him, which I do not give, as it was not in Mr. Prescott’s presence, 
and I understand is not called for by the question. I left my in- 
struments at the Western Union office, where I presume they are 
now. I do not remember any particular remark made by Mr. 

cott that gave me the impression that he considered my invention 
novel poet yr oc but his whole conduct and manner referred to 
above led me to believe so. 


(Adjourned to July 24, 1879, at 10 a. m.) 


Boston, July 24, 1879. 
Cross-int. 251. There is in the record, at page 150,* a letter of 
yours to Mr. Gray, dated March 2, 1877, in which you say: “I do 
not know the nature of the application for a caveat to which you 
have referred as having been filed two hours after my application 
for a patent, except that it had something to do with the vibration 
of a wire in water,” etc.; how did you come to know as much as 


that about the nature of a paper in the confidential archives of the 


Patent Office? 

Ans. When I found that my application was in interference with 
some other application filed in the Patent Office I went to Wash- 
ington to examine into the matter, for I understood that an appl- 
cant in interference had a right to see that portion of the in - 
ing application which conflicted with his invention. I therefore 
went to the Patent Office and requested the examiner to explain to 
me the exact points of interference between my application and the 
other. I found that there had been two interferences declared with 

my application. The first was with a caveat filed the same 
1625 day as my application, and had already been dissolved. 

The examiner declined to show me the caveat, as it was a 
confidential document, but he indicated to me the particular clause 
in my application with which it had conflicted. I therefore knew 
it had something to do with the vibration of a wire in a liquid. I 
do not now remember what it was that led me to suppose that that 
liquid was water. 

Cross-int. 252. You mean to be understood, I suppose, that you 
did not see either the description or the drawings making part of 
— 1 or any part of that description or the drawings? 

ns. I do. 

Cross-int. 253. I understand that when you speak of the exam- 
iner’s indicating to you what part of your application it was that 
interfered with the caveat you speak of an indication given by him 
in conversation with you, and not by official letter; am I right? 

Ans. Yes; he simply pointed to a clause in my application, and 
stated that the caveat had interfered with that. 

Cross-int. 254. Was the clause which he pointed to one of the 
claims of your application or some passage in the body of the ap- 
plication ? | 

Ans. A passage in the body of the application. 


aa eee record in the suit Bell Telephone Company v. 
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Cross-int. 255. Please read the passage that he pointed to telling 
yuu that that was the passage where the interference lay. 

Ans. “ Electrical undulations may also be caused by alternately 
increasing and diminishing the resistance of the circuit or by alter- 
nately increasing and diminishing the power of the battery. The 
internal resistance of a battery is diminished by bringing the vol- 
taic elements nearer together, and increased by placing them further 
apart. The reciprocal vibration of the elements of a battery occa- 
sions an undulatory action in the voltaic current. The external 
resistance may also be varied. For instance, let mercury or some 
other liquid form part of a voltaic circuit, then the more deeply the 
conducting wire is immersed in the mercury or other liquid the less 
resistance does the liquid offer to the passage of the current; hence 
the vibration of a conducting wire in mercury or other liquid in- 
cluded in the circuit occasions undulations in the current. The 

vertical vibration of the elements of a battery in the liquid 
1626 in which they are immersed produces an undulatory action 

in the current by alternately increasing and diminishing the 
power of the battery.” , 

The examiner indicated the clause just quoted as the passage 
where the interference lay. I do not remember whether he pointed 
to any particular sentence in this clause or not. My impression 
is that I asked the examiner whether the point was the “ vibration 
of the conducting wire in mercury or other liquid.” At all events, 
I carried away the impression that this had been the point at issue. 

Cross-int. 256. Who was the examiner; was it Mr. Wilbur? 

Ans. I do not know. I think it was Mr. Wilbur, but I am not per- 

fectly certain. 
Cross-int. 257. In your answer to Int. 73 you say that on the 2d 
of June, 1875, you attempted to generate magneto-electric currents 
by vibrating a regular permanent steel magnet in front of a soft- 
iron core wound with coils of wire, there being no battery on the 
circuit ; did the apparatus you used consist in a permanent magnet 
formed like a tuning-fork, and set in vibration by a blow like a 
tuning-fork, and held near the core so that the vibrations would in- 
duce currents upon the line? 

‘Ans. It did. 


_ (By ment of counsel the whole of the provisional specifica- 
tion ant drawings of Mr. Bell’s English patent, dated Dec. 9, 1876, 
is put in, and marked Complainants’ Exhibit 32, Bell's English 
Provisional Specification,” instead of the extract from it put in after 
Mr. * one hundred and sixty-sixth answer, page 168 of the 
record. 


Cross-int. 258. Does your preliminary statement in the king- 
telephone interference, sworn to Nov. 20, 1878, contain the following: 


“Another instrument with stretched membrane was immediately. 


constructed, and the experiment spoken of in said letter was tried 
of transmitting h. One instrument was placed in my experi- 
mental-room at the top of the building, and the other in the work- 
shop below. I spoke from my room to Mr. Watson, and he spoke to 


— — — . — 


— 
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me from below. I heard nothing, but Mr. Watson soon rushed up- 

stairs, and said he could hear my voice, but could not make out 

what I said. We then changed places, but with the same results. 
He heard my voice, but I could not hear his?” 

1627 Ans. It does. 

Cross-int. 259. The apparatus used in the experiment de- 
scribed in this quotation was the apparatus described in your patent 
of 1876, on which this suit is brought, and delineated in Fig. 7 of 
the drawings, was it not? | 

Ans. It was substantially similar. 

Cross-int. 260. Do you remember any difference between the ap- 
paratus used in that experiment and the apparatus described and 
shown in the patent? 

Ans. Ido. The transmitting and receiving cones shown in the 
patent were not employed. The armatures used in the experiment 
referred to were hin to the uncovered leg of the magnet by a 
strip of leather. The cvils used in the experiment were not specially 
adapted for use upon a line. I am not sure also whether any bat- 
tery was used in the experiment. 

Cross-int. 261. Do you remember anything more in regard to the 
construction of that experimental instrument. either as to what it 
did contain and the patent does not, or to what it did not contain 
and the patent does? 

Ans. The experimental instrument had an — — for strain- 
ing the membrane and a frame-work for holding the magnet which 
are not shown in the patent. | 


Direct examination resumed: 


Int. 262. Please look at the quotation from your preliminary 
— given in Int. 222; are the facts stated in that quotation 
true 

(Objected to.) 

Ans. Yes. 

Int. 263. Please look at the quotation contained in Cross-int. 241, 
and state whether the induced current,” referred to in the quota- 
tion, is induced by a eto-electric apparatus or by an induction 
coil, battery, and circuit-breaker. 

Ans. An induction coil, battery, and circuit-breaker. 

Int. 264. Please look at the two — 7 quoted in Cross-int. 244, 
and produced to be put in evidence, all the paragraphs in which 

those quotations are found and all that intervene between them. 
1628 Ans. I produce them. 


(Complainants put in evidence said and they are marked 
* Complainants’ hibit 34, Extract Bell’s Preliminary Statement 


in Harmonic Interference.”) 


Int. 265. Please look at your Cross-int. 193 and answer ; state why 
you did not in your caveat of Oct. 27, 1874, describe or suggest the 


1656 


use of a common receiver of several different simultaneously trans- 
mitted tones. 


(Objected to. 

Ans. Because it was not relevant to the subject-matter of my in- 
vention, my object — to have a receiver which should respond 
markedly to one tone only. 

Int. 266. Please look at Exhibit 18 and state whether any of the 
sketches in that exhibit, except Fig. 1 and Fig. 2, do or do not rep- 
resent an a tus in which the core of the electro magnet was kept 
continuously — when not under the influence of a battery, 
by induction from a permanent magnet. 

Ans. Fig. 4 of Exhibit 18 shows such an apparatus. N 

Int. 267. Did your original idea of using permanently magnetized 
cores, around which to wind the coils in your telephones, contem- 
plate the use of such polarized cores for the transmitters, or for the 
receivers, or for both ? 


(Objected to.) 

Ans. For both. | : 

Int. 268. What was the objection in your mind to that form of 
apparatus which led you at one time to prefer the use of a battery 
instead of depending upon permanent magnetization of the cores? 


(Objected to.) 

Ans. I thought at that time that the currents produced by the 
vibration of an armature in front of such core would be too e 
to produce practically useful results upon a line uf any considerable 
resistance. 


Int. 269. Did that difficulty in your mind relate to the use of 
polarized cores in the transmitter, or in the receiver, or both? 

(Objected to. 

Ans. In the transmitter simply. 

Int. 270. What — —ͤ̃ peer eee 
1629 time in using the polarized core for an instrument intended 
merely for a receiver? 

(Objected to, 

Ans. No difficulty. I thought at that time that a polarized core 
in the receiver made the instrument more sensitive. 

Int. 271. What lead you to entertain that opinion? 

(Objected to.) | 

Ans. I understoed at that time that the most sensitive tele- 
eee a core was 
employed. 

Int. 272. What difficulty occurred to your mind as to the use of 
such an instrument at one end of a line over which reciprocal trans- 
mission—that is, transmission sometimes in one direction and some- 
times in the other—was to take place ? 

(Objected to.) 
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Ans. I feared that when such an instrument was used as a trans- 
mitter by speaking to it the currents produced by the action of the 
voice would be too feeble for practical purposes. 


ALEXANDER GRAHAM BELL. 
Attest: W. P. PREBLE, In., 


1630 Further Examination of Mr. Bell in the Drawbaugh Suit. 


WASsmxorox, D. C., February 20, 1883. 


Present: J. J. Storrow, Esq., of counsel for complainants; L. Hill, 
Esq., of counsel for defendants, before me, Charles H. Swan, ex- 
aminer. 


Deposition of ALEXANDER GRAHAM BELL, continued from p. 200, 


Direct examination by J. J. Sronnow, Esq., of counsel for com- 
plainants: 

Q. 273. Your deposition in the case of Bell Telephone Compan 
vs. Peter A. Dowd has been put into this case by 2 — and 2 
printed on pp. 105-200 of complainants’ evidence. You are now re- 
called for further eruss- examination at the request of the defendants 
and in accordance with such stipulation. I will first ask you whether 
the statements in that deposition are true as therein stated ? 

Ans. They are. 


Cross-examination by L. HILL, Esq., of counsel of defendants : 


Cross-Q. 274. There have been a number of suits upon vour two 
— which are involved in this —— — you made 

er depositions in those suits, or have same deposi- 
tion that made in the Dowd case? 3 

Ans. same deposition has been used in all. 

Cross- Q 275. I understand that the inventions which are involved 
in said two patents have also been involved in some interferences in 
the Patent ; am I correct? 

Ans. I believe so. 

Cross-Q. 276. Are those interferences yet determined, or are they 

still pending? 
1631 Ans. They are still pending. 

Cross-Q. 277. In your deposition in the Dowd suit I ob- 
serve that reference is made also to multiple-telegraph interferences; 
state how many multip interferences vou have been a 
oe 1 whether they are still pending, or have been deter- 
mi 


Ans. One, and it has not been determined. 

Cross-Q. 278. Inasmuch as the preliminary statement in that in- 
terference has been referred to in your deposition, but has not been 
put in evidence, — — in evidence? 

Ans. I will produce it. Part of it is ly in evidence (pages 
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64-66 of complainants’ —— and reſerred — my — to 
interrogatory 187, interrogatory 3 

Cross-. 279. Referring to the two patents involved in this suit, 
how many interferences have been instituted in the Patent Office 
upon the inventions therein contained, and with what parties, and 
have you made and filed preliminary statements in each of them 
under the rules of the Patent Office ? 

Ans. One set of interferences with a number of different issues. 
The various issues include Gray, Edison, Dolbear, Voelker, and Mc- 
Donough, some being on one issue and some being on several issues. 
I have filed statements applicable to each in compliance with the 
rules. 

Cross-Q. 280. So far as said last-mentioned preliminary state- 
ments involve inventions in controversy in this suit, or referred to 
in your deposition herein, will you please produce copies of them 
that they may be put in evidence in connection with your deposi- 
tion ? 

— When did you first succeed in gett el 

1. en did you su in ing your electric 
speaking telephone to transmit vocal speech so that it was heard and 
understood from the receiver ? 

Ans. Somewhere about June or J uly, 1875. The articulation of 
the instrument was not entirely intelligible at this time, but I feel 

sure that many words were understood, although I cannot 
recall the details of any particular experiment made at this time 
when the words were fully understood. 

Cross-Q. 282. Can you state the circumstances under which any 
experiment was made in June or July, 1875, at which any word was 
heard and understood through the instruments ? 

Ans. My recollection of these experiments is very vague, but I 

remember distinctly that on one occasion I was king 
1632 to a membrane telephone (of the form marked in this case 

as telephone of 1875”) in the top part of Mr. Williams’ fac- 
tory, 109 Court street, Boston, while Mr. Thomas Watson was listen- 
ing to an instrument in the workshop below. I was interrupted by 
the sudden appearance of Mr. Watson, who had rushed upstairs in 
a state of great excitement, and who declared that he had heard 
vocal sounds proceed from the instrument to which he had been 
listening, and that he could almost understand what was said. We 
then a places, but I was unable to hear anything on that 
occasion: This inability I attributed at the time to the noise of the 
machinery in the workshop, and to the fact that Mr. Wateon was 
unable to throw out his voice with sufficient force to set the mem- 
brane of his telephone into good vibration. I have a general recol- 
lection that numerous similar experiments were made during June 
and July, and that I myself obtained audible results. It is my im- 
pression that a few common words or sentences were occasional! 
understood, but I cannot give the details of an particular experi- 
ment in which this was the case. I only remember that the results 
were such as to lead me to the firm conviction that the speaking 
telephone was a fait accompli. In consequence of this I out a 
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— ſor the speaking telephone without waiting to obtain better 
results. 


Cross-Q. 283. Am I to understand you that when your patent of 
March 7, 1876, issued you had attained no better results than the 
results which you attained in June and July, 1875?. And if that is 
not your — — explain more fully what you mean by the 
last part of your last answer. 

Ans. That is my meaning. 

Crose-Q. 284. Did Mr. Watson assist you in all your telephone ex- 
periments in June and July, 1875? 

Ans. He did. 

Cross-Q. 285. an 1 to which — — 
to cross- question when Mr. Watson interru you by i 
up and announcing that he had heard vocal sounds, he also informed 
you that he could not make out through the instrument what you 
said, did he not? 

Ans. Hedid. He said “he could almost understand what I said.” 

Cross-Q. 286. He did not state any word that he thought he had 
heard, did he? 

Ans. I don’t remember; I cannot recall the experiment in any 

detail. I simply have the general remembrance of the ex- 
1633 citement which he manifested, and of my disappointment at 
not being able to hear what he had. 

Cross-Q. 287. From his excitement I should judge that that ex- 
periment had produced better results than any prior experiment; is 
that your understanding ? 

Ans. It may be so. 

Cross-Q. 288. When you exchanged places with him during that 
experiment you were not able to understand any words through the 
telephone, were you? : 

Ans. No. 

Cross-Q. 289. And, if I understand you — you were also 
disappointed in not being able to personally verify Mr. Watson’s 
statement as to the result obtained. Am I correct? 

Ans. Yes; In regard to that experiment. 

Cross-Q. 290. Do you remember any other experiment which you 
made between that time and the issne of your patent of March 7, 
1876, in operating, or attempting to operate, speaking telephones? 

Ans. I remember that I made a number of experiments during 
June and July, the details of which I have forgotten. 

Cross-Q. 291. Then your memory of that particular experiment, 
in which Mr. Watson rushed upstairs and made the announcement 
above referred to, is more distinct than your memory of any other 
experiment made after that, and prior to March 7, 1876, is it? 

Ans. Much more distinct than any single experiment made be- 
tween those dates. While I cannot recall, with any distinctness, the 
details of any particular experiment, I do have a very clear recol- 
lection of the general results of them all. I felt convinced that I 
had solved the problem of the reproduction of speech by electrical 
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Cross-Q. 292. Did you become convinced of that as early as July, 
1875, or not until afterwards ? 

Ans. Earlier. 

Cross-Q. 293. When, for the first time? 

Ans. In the summer of 1874 I became convinced that I had de- 
vised a method and apparatus by which the sonorous vibrations of 
the air could be caused to — similar sonorous vibrations in 
the air of a distant place. ere was no doubt in my mind, there- 
fore, that if the reproduced vibrations were sufficiently violent they 
would affect the ear as a sound of similar character or quality to 

that produced by the original vibrations; that is, I became 
1634 convinced, in the summer of 1874, that I had arrived at the 

true conception of a speaking telephone. The chief doubt in 
my mind at that time was as to the practical value of the repro- 
duced speech. I saw that while the reproduction of the original 
vibrations would, theoretically, be perfect, they would be copied.in 
miniature; they would be, as it were, microscopic photographs of 
the originals. 

While we may not be able to see all the details of a microscopic 
photograph, we may be firmly convinced that they are all there, and 
that we have only to enlarge them in order to render them appreci- 
able by the eye. 

In a similar manner I was firmly convinced, in the summer of 
1874, that articulate speech would be reproduced by the apparatus 
I had devised, but I was duubtful whether the unassisted ear could 
perceive the vibrations as sound, and whether. if so, the minute de- 
tails of the vibrations, upon which depend the character or quality 
of the sounds produced, would be perceived by the sense of hearing. 
At that time I proposed to take — of magneto-electric cur- 
rents produced by the vibration of an armature actuated by the voice 
of —— so that the electrical current employed would be pro- 
duced by the action of the voice itself, and not independently of it; 
hence the reproduced vibrations would necessarily be very much 
feebler than the originals, and it was questionable in my mind how 
far they would be of practical value. ring the winter of 1874 and 
the spring of 1875 this feeling led me to seek some method by which 
the voice, instead of producing the electrical current used, should 
merely modify a current produced by other means. In May, 1875 
I devised a method of varying the resistance of a galvanic circuit by 
the action of the voice, in the hope that this would obviate the sup- 
posed insufficiency of the magneto-electric currents to produce practi- 
cally operative effects. I was still carrying on experiments and re- 
searches regarding this method when the accidental discovery made on 
the 2d of June, 1875, already testified to, proved that the —— in- 
sufficiency of the magneto-electric current to produce audible effects 
was a mistake. I immediately ordered the construction of the speak - 
ing telephones devised by me in 1874, and the fact that any sound was 
audible under the disadvantageous circumstances of the experiments 
was conclusive to my mind that the problem had been solved, and 
that the instruments devised in 1874 would prove to be practically 
operative. 
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| To recapitulate: I became convinced for the first time that 
1635 I had solved the problem of the reproduction of speech by 
electrical means, in the summer of 1874, and I became con- 
vinced for the first time that the instruments then devised would 
prove practically ~~ speaking telephones in June, 1875. 

Cross-Q. 294. If I understand you, you conceived the principle of 
the invention in 1874, but your first — to embody that princi- 
ple in a working machine was after June 2, 1875; am I correct? 

Ans. Not quite; I conceived the apparatus as well as the principle 
in the summer of 1874, but did not actually construct the | 
until June, 1875. 

Cross-Q. 295. From June 2, 1875, til] February 14, 1876, the date 
when your application for the patent of 1876 was filed, how many 
different telephone instruments did you actually cause to be con- 
structed and tested? 

Ans. I don't know. 

Cross-Q. 296. Will — — June 2, 1875, give 
me a history of the development of your different instruments up to 
Feb 14, 1876, together with a description of each instrument, 
giving them in the order in which they were produced, to the best 
of your recollection, and making reference to your deposition in the 
Dowd case if it will be of any aid to you? 

Ans. On the second of Jane, 1878, 1 find by reference to a letter 
that I wrote to Mr. Hubbard on that day, which is given on page 
136 of complainants’ record in this case, I made the discovery that 
the vibration of a tuned reed in front of an would 
occasion a very sensible musical sound from another reed 
near the pole of another electro-magnet in the same circuit with the 
first, even when there was no battery upon the circuit. I presumed 
that the vibration of the transmitting reed acting upon the residual 
magnetism in the electro-magnet had occasioned : 
currents, and that these had caused the reed of the receiving instru- 
ment to vibrate so as to produce audible effects. Reasoning from 
this experiment that the speaking tel devised by me in the 
summer of 1874 would prove operative, I immediately gave instruc- 
tions to havetwoinstruments made like thatshown in Complainants’ 
Exhibit No. 19, Bell Telephone of 1875. I insert here for conven- 
ience a view and sectional drawing of one of the reproduced instru- 

ments, marked for identification Nos. 49 and 50. 
1636 While these instruments were being made I carried on exper- 

iments with tuned reeds and with permanent magnets vibrated 
in front of electro-magnets to determine, so far as ible, that ar- 
rangement which would produce the most violent effect at the receiv- 
ing end; and I find, by reference to a letter I wrote to Mr. Hubbard on 
the 28th of June, 1875, and which is given on page 141 of the evi- 
dence for complainants, that I was at that time making a special 
study of Ladd’s and Wilde’s magneto-electric — beling: by 
this means, as I stated, to arrive at an arrangement for increasing 
the intensity of the induced currents. I do not remember the exact 
date when the first instruments, like those shown above in the draw- 
ings, were completed, but I remember that I was so anxious to ascer- 
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tain whether the vibration — by the voice would produce 
any audible effect that I could not wait for the construction of dupli- 
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BELL’s First TELEPHONE OF 1875. 


Scale of section, one-fourth size. 


cate instruments like those shown, but tested this point when the 
first instrument was made, using as a receiver a tuned reed instru- 
ment like that produced by Mr. Watson in his 109th answer, page 
222, called Bell’s harmonic receiver, and, I believe, the same instru- 
ment. It is substantially the same as that shown in Fig. 5 of the 
patent of March 7, 1876, and is referred to also in Mr. Watson’s dep- 
osition, interrogatories 28-33, pages 207 and 208. I hereby insert, 
for convenience, a drawing of the instrument produced. 
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CoMPLAINANTS’ EXIT No. 48, BELL’s Harmonic RECEIVER. 
(See Watson, pp. 207 and 222.) 


I had hardly expected that articulate sounds would be produced 
by a tuned receiver, and I was much encouraged, therefore, to find 
that the varying pitch of the voice was plainly perceptible even 
when no battery was upon the line. This experiment is described 


in a letter to Mr. Hubbard, dated July 1, 1875, given on page 143 of 


the evidence for the complainants. 

It is my impression that the first membrane telephone was mede 
within a day or two of the 2d of June, 1875, but that it could not 
be operated, because the armature was too heavy and the membrane 
too thin. I remember distinctly that in the first instrument the 
armature was torn. from its attachment to the membrane by the 
powerful attraction of the electro-magnet when the battery current 
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was passed through it. This led to the improvement of using a 
lighter armature and a thicker membrane. It is my belief that these 


. improvements were made previously to the experiment of July 1, 
noted in my letter to Mr. Hubbard of that date; but they may have 


been later, for that experiment was made without any battery on the 
circuit, and in my letter I speak of the transmitting instrument as 
having consisted of a stretched membrane attached to the armature 
of an electro-magnet,” which would seem to indicate the earliest form 
of apparatus, with a thick iron armature instead of a flat steel spring. 

Another improvement made when a thin membrane was used was 


to attach one end of the flat steel spring to the uncovered leg of the 


electro-magnet by means of a leather hinge instead of a pivoted 
hinge. Shortly after the Ist of July a duplicate membrane telephone 
was made, and the two were tried on the same circuit. The adjust- 
ing thumb-screw carrying the electro-magnet, shown in the drawing 
on page 4 of the book of complainants’ exhibits, should not be there. 
The adjustment in both cases was provided by moving the cross-bar 
up and down the slots in the side-bars and clamping it. I insert, 
for convenience, a view and sectional drawing of a correct reproduc- 
— — it. Said reproductions are marked for identification Nos. 51 
and 52. 
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BI L's Seconp TELEPHONE oF 1875. 
Scale of section, one-fourth size. 


With the two membrane telephones in the same circuit numerous 
experiments were made, my recollection of which has already been 
described in answer to c uestion 282. I satisfied myself by 
listening at the receiving telephone that the articulation was there, 
although, as above stated, I cannot recall the details of any particu- 
lar experiment in which I heard words and sentences. I was satis- 
fied with having attained audible results at ali, for I knew from 
theory that the articulation was there, and I was convinced that the 
instruments had only to be properly made and tried under suitable 
conditions of experiment to be practically operative. — — 
portion of my time, therefore, after the Ist of July was taken up 
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in experimenting witn vibrating reeds and permanent magnets in 
front of electro-magnets, with the coils varied in different ways to 
arrive empirically at that arrangement that would produce the most 
violent effects. Few, if any, experiments of any kind were made 
between the end of July and the date of the patent. 


Adjourned to February 21, at 11 a. m. 


Frsruary 21, 1883. 


Cross-Q. 297. You state in your last answer that “few, if any, 
experiments of any kind were made between the end of July and 
the date of the patent.” I judge from that statement that you can- 
not remember of any experiments having been made between the 
end of July and the date of the patent; am I correct? 

Ans. Yes. | 
1639. Cross-Q. 298. In the same answer you referred to duplicate 
membrane instruments used in July, 1875, and to drawings 
of reproductions thereof. Will you please describe those drawings 
and the different parts thereof as shown, specifying the particular 
instrument to which they severally relate, and stating which of said 
instruments was first made and used ? 

Ans. The following figures show the construction of the first mem- 
brane telephone constructed, with some of the improvements that 
had been made on the instrument prior, I think, to the construction 
of the second instrument: 


J 


BEI. I. 8s First TELEPHONE or 1875. 
Scale of section, one-fourth size. 


An armature, A, was hinged by a pivot-hinge to the uncovered 
leg E of an electro-magnet, C E, the free end of the armature being 
gy that pole C of the electro-magnet which carried the coil H. 

he free end of the armature A was attached to the center of a 
stretched membrane, M, as shown. The membrane M was siretched 
over a wooden ring, R, the distance of which from the base-board 
could be regulated by three adjusting screws, S S 8, thus causing 
the membrane to be strained, to a greater or less extent, over the 
mouth of the tube T. The electro-magnet C E was attached to a 
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cross-bar, B, which could be moved up and down in the slots of the 
side pieces U and clamped by the screws J, so as to bring the end of 
the core C nearer to or further from the armature A. In this instru- 
-* ment, as originally constructed, the armature A consisted of a thick 
piece of soſt iron. If my recollection is correct, the end of the arma- 
ture was at first glued or cemented to a cork which was fastened in 
a similar way to the center of the membrane M. 
1640 The powerful attraction of the ae C would 
cause the armature to become detached from the membrane, 
| and it was this fact that led to improvements in the methods of at- 
tachment. One of these improvements consisted in attaching the 
cork to the membrane by a screw which up through the 
membrane, causing the latter to be clamped tightly between the cork 
and a metal washer. This is shown in the figure I am describing. 
‘Another improvement consisted in the substitution of a little metal 
pillar for the cork. This is shown in the drawing that I shall de- 
scribe further on. These improvements, however, did not meet the 
difficulties of the case. When the instrument had been so arrang 
that the armature could not be detached from the membrane, then 
the attraction of the electro-magnet caused the rupture of the mem- 
brane. This led to the employment of thicker membranes and 
| thinner armatures. In the above drawings the armature A consisted 
. of a piece of steel spring, pivoted at one end to the pole E, and at- 
4 tached at the other to the membrane M. 
| I have already stated that the armature was first attached to the 
electro-magnet by means of a pivot. Subsequently the uncovered 
leg E of the electro-magnet was filed to a sort of knife edge, and the 
end of the armature A was attached to it by means of a leather 
hinge, as shown in the drawing of the second instrument, which will 
be described further on. The operator spoke into the tube T and 
listened at it when receiving. I cannot say that we spoke and lis- 
tened exclusively at the end of the tube T. My recollection is that 
we spoke to the instrument and listened to it, holding it in various 
positions with relation to the mouth and ear. 
I will now describe the drawings of the second instrument of 1875. 


Beiu’s Finst TELEPHONE oF 1875. 
Scale of section, one-fourth size. 
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1641 As appears from the drawings, it was like the first, ex 

ing in the following particulars: The straining ring R had a 
wooden flange instead of brass projections for the adjusting screws; 
the tube T was shorter, which, | presume, caused a co nding 
shortening of the side pieces U. In this instrument a steel spring 
armature was used, attached on the one hand to the uncovered pole 
E of the electro-magnet by a leather hinge, and on the other to the 
membrane by a brass pillar, screw, and washers, as shown. I think 
I remember that in the first instrument, as first constructed, the ad- 
justment of the pole C of the electro-magnet was accomplished by 
means of the screw N (shown in the first drawing) and metal washers, 
the cross-bar B being fixed. My impression is that the movement 
of the cross-bar in the slots of the side pieces was a subsequent im- 
provement, when the magnet was rigidly attached, by a screw, to the 
cross- bar. 

I find, by looking at my former deposition, at the bottom of 
139 (given in 1879), that I there stated that “the uncovered leg of the 
magnet to which the armature was attached was removed a day or 
two after the original instrument was constructed, and another sub- 
stituted for it. The pole of the uncovered leg was filed to an edge 
and a steel reed was hinged to it by means of a strip of leather. 
This substitute is the one now attached to the original magnet pro- 
duced.” That agrees with my present recollection. 

I have before me the original electro-magnet, and thick and thin 
pivoted armatures, already referred to. 

Cross-Q. 299. Inasmuch as the uncovered leg now attached to the 
electro-magnet to which you have just refe is the improved leg 
adapted to the screw O and the leather hinge, are you able to pro- 
— 4 original leg for which this was substituted, or has it disap- 
pea 

Ans. I am unable to produce it, and do not know where it is. 

Cross-Q. 300. There two armatures attached to the electro-mag- 
net last referred to. How are you able to identify them as being 
original armatures and not reproductions ? 

ns. I remember them, and no others like them were constructed 
until the evidence in the Dowd case was taken. ä 

Cross-Q. 301. Both of these armatures have provision for a pivot 
hinge; hence I suppose they were both used with the first instru- 
ment, and were the first armatures used with that instrument. Am 

I right? - 
1642 Ans. Yes. 

302. Are you able to produce any of the armatures 
that were used with either of those instruments of July, 1875, with 
a leather hinge? 

Ans. No. 

303. How did the armatures which were used with a 
leather hinge in June or July, 1875, compare with these two arma- 
tures in size, dimensions, weight, etc. ? 

Ans. My recollection is that they were substantially similar to the 
— of the two armatures, but I am unable to give the details re- 
quired. ee 
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Cross-Q. 304. You have stated that after the membrane had been 
torn by the action of the electro-magnet a thicker membrane was 


adopted. Please state the materials of the different membranes to 
“Which you refer, and give us as definite an idea as you can of their 


actual and relative thickness. | 

Ans. The first membrane was made of gold-beaters’ skin, as usually 
found in the market. This proved insufficient for the strain put 
upon it by the magnet, and we ad a plan of using more than 
one layer of gold-beaters’ skin. I believe we also —— mem- 
branes of other material, but I can only give my general recollection, 
and cannot say positively at the present moment that this was the 
case. I had made numerous experiments with phonautographs, 
constructed by myself, in which the membrane employed consisted 
of bladder, and it is my impression that some of our membranes were 
constructed of this material. I cannot give any definite idea of the 
actual thickness of the menibranes. We simply tried to make them 
sufficiently stout and tense to stand the pull of the elect 

Cross-Q. 305. By “we,” I suppose you mean yourself and Mr. Wat- 
son, do you not? 

Ans. Yes. 

Cross-Q. 306. Can you furnish us the data from which we may 
know or be able to calculate the electro-motive force of the electro- 
magnet which you used in those experiments, and which you say 
tore the membrane? | 

Ans. My impression is that the battery employed consisted of 
hollow zinc cylinders in dilute sulphuric acid, and a carbon rod in 
an acid solution of bichromate of potash in a —— cup. I cannot 

be absolutely sure at this late date whether such was the kind 
1643 of battery employed, but such is my impression. My impres- 

sion is, also, that one cell of this battery caused the electro- 
magnet to attract its armature with sufficient force to rupture the 
membrane in the first experiments made. The core C of the electro- 
— oe is 1g inches long; the end of the core that shows is pc inch 
in diameter, but I don’t know whether the core is the same diameter 
all through, or whether the part that shows is merely an enlarged 

le piece. The diameter of the coil is 12, inches; the length 14 
inches. I should judge, by the eye, that the wire is about No. 23, 
silk covered. 

Cross-Q. 307. Will you give the dimensions of the bent iron bar 
which serves as the heel piece, and the uncovered leg of said electro- 
magnet? . 3 

Ans. This was formed of a strip of iron ; inch wide and } thick. 
The uncovered leg is 13 inches long, outside measure, and the heel 

iece, from the center of the core to the outside of the angle of the 
eg, is 14; inches. 
308. Please give the dimensions of the two armatures 
now present and tied to said electro-magnet. 

Ans. The heavy armature is } inch wide, , of an inch thick, and 
24 inches from the center of the pivot to the extremity of the free 
end. The thin one is the same width and length, and a trifle more 
of = a thick. 
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Cross-Q. 309. If I understand you correctly, the cork connection 
from the armature to the —— was not used aſter you employed 
— —4 pillars which are shown attached to these armatures. Am 

right 

— I do not know. My impression is that it was frequently 
used. 

Cross-Q. 310. The connecting of the armature to the uncovered 
leg by means of a leather hinge was the last of all the improvements 
which you made on these machines of July, 1875, was it not? 

Ans. I cannot say. I have described various modifications that 
were made during June or July, 1875, but I am not perfectly sure 
as to the order in which they were made. I had been in the habit 
of using leather hinges in experimental forms of — — 
and J therefore tried the effect of similar leather hinges r the 
pivot hinges had been made. My impression is that I preferred the 
pivot hinge. | 

Cross-Q. 311. When you ceased your experiments with these two 

machines about the end of July, 1875, what was their condi- 
1644 tion at that time with reference to the armature hinge; was 
it a pivot hinge or a leather hinge at that time? 

Ans. I do not know; my impression is that, as we had both forms 
at hand, we tried sometimes one, sometimes the other. 

312. Will vou please give the dimensions of the brass 
illars which are attached to the two armatures here before us, and 
intended for connecting them to the diaphragm? 

Ans. The pillar attached to the thin armature is a solid cylinder 
Hof — * length, I in diameter. It is riveted to the arma- 
ture at one end, and the other end carries a screw and a washer. 
The one attached to the thick armature —— of an inch from 
the armature, is }4 in diameter; it is hollow; one end is attached to 
the — by being screwed into it; the other carries a screw and 
washer. 

Cross-Q. 313. I infer from your previous testimony that your as- 
sistant, Mr. Watson, made the two membrane instruments about 
which you have been testifying, and also made all the changes or 
modifications which were made on them prior to the date of your 
patent. Am I correct. 

Ans. He either made them himself or superintended the manu- 
facture of the instruments and the alterations. 

Cross-Q. 314. In your letter to Mr. Hubbard of July 1, 1875 (page 
143 of complainants’ printed record), you refer to an experiment 
made that afternoon. The transmitting instrument used in that 
experiment was one of the two machines about which you have 
been testifying, was it not? 

Ans. Yes; it was the first one. 


Cross-Q. 315. Do you remember the condition of that machine at 


the time of that experiment—whether it was before the improve- 
ments had been made, or whether any, and, if so, which, of the im- 
provements had been applied to it and was used on it at that time? 
Ans. I do not remember; my recollection of the experiment is 
derived simply from the letter. | 
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Cross-Q. 316. I see no indication in the letter that, in that ee 
ment of July first, there was any trouble from the rupture of the 
membrane or detachment of the armature therefrom, and hence I 
Judge that you had already before that date gotton over those two 
' difficulties. What is your recollection or opinion about that? 
1645 Ans. My impression agrees with that, al no mention 
of a battery as having been used is made, so that the mem- 
brane would not have been likely to be ruptured. My impression 
that the improvements to obviate this had already been made is 
based upon the fact that I gave orders for the construction of the 
instrument on the second of June, whereas this experiment did not 
take place until the first of July. I was so anxious to try the experi- 
ment that it must certainly have been made at the earliest ible 
moment the instrument could have been used. It is ible, how- 
ever, nay, probable, from the first line of the letter of July first, that 
the experiment had been previously tried with indifferent or doubtful 
results. My opinion is that experiments had been tried and modi- 
fications made before the date of this letter, but I cannot be abso- 
lutely certain about it. 


Adjourned to February 22nd. 
7 FEBRUARY 22, 1883. 


Cross-Q. 317. You have in your evidence referred to an experi- 
ment made June 2, 1875, which resulted in an accidental discovery 
by you on that day. Will you please give a * — deseription 
of that experiment, including a description of the apparatus with 
which it was made, all the conditions under which the experiment 
= — and a statement of the discovery which resulted that 

ay | 

Ans. I was testi 4. Se 2 
of multiple telegraply, and had arranged three experimental tele- 
raph stations in the upper part of Mr. Williams’ workshop. The 
ret and second stations were in one room under my own eye; the 
— station was outside of the room under the charge of Mr. Thomas 

atson. 

Station 1.—At station 1 were three transmitting instruments, con- 
sisting of tuned reeds adapted in vibrating to interrupt the electrical 
current from the main line at each vibration. Each reed was tuned 
to a different pitch ; that is, it was adapted to vibrate normally at a 
different rate from the others. Connected with each tuned inter- 
rupter was an ordinary telegraph key, by the depression of which 
the interrupter could be thrown into the main circuit. The trans- 
mitters were normally unconnected with the main circuit, but by 
means of the telegraph keys they could be connected successively or 

simultaneously with the line wire. 
1646 Station 2.— At station 2 were arranged three tuned receivers, 
A BC, like those shown in figures 5 and 6 of my March 7, 
1876, patent. A steel spring armature was 2 firmly to one 
pole of an electro-magnet, the free end of the projecting above 
the other pole. The coil was on only one of the legs of the magnet, 
as shown in figures 5 and 6 of the patent. 


—— 


n Mlle? M * 2 4 nots e N — Pe! ea dtievitlehal Gait Ace: at 


1670 


In the experiment referred to the reeds A BC of the receivers 
had been tuned to the same pitches as the reeds A B C of the trans- 
mitters in station 1. 

Station 3.—In this station were arranged three receiving instru- 
ments like those in station 2, the reeds of which, A B C, were tuned 
to the same pitches as the trunsmitters and receivers in stations 1 
and 2, designated by the same letters. 

Thus at all the stations the reed of the transmitter and receiver 
— — had the same pitch or normal rate of vibration. So with 

and C. : 

It will be understood that, although there were three instruments 
at each station, the stations were connected by a single line wire, 
the receiving instruments at euch station being connected with the 
line, either in series or in multiple arc, I do not remember which. 
A return wire, to represent the earth, connected stations 3 and 1. 

The experiment.—Mr. Watson and I were engaged in adjusting 
the instruments, as a preliminary to an intended experiment of 
transmitting simultaneously along the line three series of telegraphic 
signals—that is, of musical sounds broken into dots and dashes. If 
the instruments were properly adjusted, the manipulation of the 
telegraph key attached to the transmitter A, in station 1, should 
alternately cause and interrupt the forcible vibration of the receiv- 
ers A, at stations 2 and 3, but not of the other receivers. Each re- 
ceiver A would then vibrate so as to produce its fundamental sound, 
and the amplitude of the vibration should be great enough to be 
visible to the eye. One of the particular purposes for which I was 
making these instruments contemplated that the vibrations should 
be great —_ to be seen and mechanically utilized, as well as to 
to be heard. I commenced the experiment, therefore, by depressing 
one of the telegraph keys, A, and then examined the of the 
receivers A B C, at station 2, so as to be sure that they had been so 
adjusted that the reed A would be thrown into good vibration, while 
the reeds B and C would not. Atthe same time Mr. Watson ex- 
amined the receivers of station 3. If everything was all right at 

his station I would then lift the manipulating key A, at 
1647 station 1 and depress instead the key B. After satisfying our- 
selves that the reeds of the receivers B, at stations 2 and 3, 
were the only ones that were thrown into forcible vibration, we pro- 
ceeded to test the next series of instruments C. Occasionally we 
would find that one of the reeds of the receivers had been so closely 
adjusted to the pole of the electro-magnet underneath it that it would 
stick to the magnet instead of vibrating freely. We would then 
luck the reed to release it, and if we found that it still had a ten- 
ency to remain adherent we would bend the reed so as to increase 
its norma! distance from the pole of the magnet. 7 

While we were applying one of the tests described above—that is, 
while I kept one of the keys at station 1 (say key B) depressed; and 
while I was examining the corresponding receiver at station 2—Mr. 
Watson called out that the of his receiver at station 3 was 
sticking against the pole of its electro-magnet, and I told him to 


pluck it. At this time, of course, my eyes were fixed upon the proper 
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receiver at station 2, and I was surprised to observe the reed of that 
receiver thrown into good vibration at the moment he had plucked 


the reed. My impression is, although I am not quiet sure, that I 


had at this time opened the circuit at station 1 by the elevation of 
the key, so that there was no battery upon the circuit at the time. 
At all events the reed of the receiver at station 2 vibrated at a time 
when no vibration was expected, so that the fact of ite vibration im- 
mediately attracted my attention. I, therefore, kept Mr. Watson 
plucking the reed at station 3 while I made various changes at 
stations 1 and 2. These changes proved that the vibration I had 
observed had been indeed caused by the plucking of the reed at 
station 3, even when there was no battery upon the circuit at the 
time. To make the matter perfectly sure we separated the receivers 
B, of stations 2 and 3, and connected them upon a circuit by them- 
selves, as shown in Fig. 5 of my March 7, 1876, patent, but without 
any — in the circuit. Upon plucking the reed of one of the 
receivers the reed of the other was thrown into very considerable 
vibration. The vibrations produced by the plucking were still more 
intense when a battery was included in the circuit, as shown in Fig. 
5 of the patent. A number of experiments were made to prove 
that the considerable amplitude of movement noticed was not caused 
by any vibration mechanically conducted along the wire from one 
instrument to the other, but that the vibration of the receiving reed 
was due to electrical undulations caused by the vibration of the 
transmitting reed. 

The discovery.—The discovery, therefore, that was made on the 

2d of June, 1875, was that the vibrations caused in the arma- 
1648 ture of a receiving instrument by electrical undulations occa- 

sioned by the vibration of the armature of another instru- 
ment in the same circuit as the first would be of very considerable 
force. As I have already explained, I had had the idea since the 
summer of 1874 that vibrations produced in this way would be of 
very slight amplitude, and that they might not prove sufficiently 
violent to produce audible effects that would prove practically useful 
either for the purpose of the reproduction of articulate! speech, or 
for the purposes of multiple telegrapby. 

The experiments described above convinced me that this was a 
mistake. The vibrations produced in tuned reeds were so great in 
amplitude that I felt sure that they were even sufficiently great to be 
mechanically utilized in my system of multiple telegraphy. Even 
when the reeds of the two instruments connected in circuit, as shown 
in Fig. 5 of my patent of March 7, 1876 (but without a battery), 
were not in tune with one another—that is, did not have the same 
normal rate of vibration—the feeble forced vibrations electrically 
produced in the one by the mechanical plucking of the other, 
though barely sufficient to produce a visible motion, were quite suf- 
ficient to cause a very perceptible sound. I placed my ear against 
the reed of one of the instruments, while Mr. Watson plucked the 
reed of the other, and distinctly heard a musical tone at every 
pluck, the pitch of which was not that normally produced by the 
instrument at my ear, but was the pitch of the other, which had 
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been plucked by Mr. Watson. In this experiment, also, the effects 
were perfectly well produced without any battery upon the circuit, 
and without any other source of permanent magnetism than the 
feeble charge in the thin steel-spring armature, that would proba- 
bly be caused by previous experiments with batteries, or the resid- 
ual magnetism of the soft-iron cores due to the same experiments. 

These results, therefore, satisfied me that I had very much under- 
rated the power of undulatory electrical currents produced by the 
vibration of an armature to produce audible sonorous effects, and 
convinced me in a moment that the speaking telephone I had 
devised in the summer of 1874 would, if constructed, prove a prac- 
tically operative instrument. 

I have not described in detail the construction of the transmitting 
instruments used at station 1 to make and break the electrical cir- 
cuit, as I thought such description unnecessary to the comprehen- 
sion of the specific experiments inquired about. 

318. In your patent of March 7, 1876, I understand Fig. 

6 of the drawings to represent three stations of a harmonic or 

1649 multiple telegraph system. Without reference to the ques- 
tion as to whether you had your instruments of June 2 con- 
nected in series or multiple arc, I wish to know how far this Fig. 6 
represents the apparatus with which you commenced those experi- 
ments on June 2 and I will state that as I understand your testi- 
mony, if the instruments A B C of the left-hand station directly 
over the battery, as shown in said drawing, were removed, and your 
circuit-interrupters and telegraph keys substituted therefor, then 
said Fig. 6 would be a pretty correct representation of your appa- 


ratus at the beginning of your June 2 experiment. Please state 


whether my understanding of your testimony is correct, and, if not, 
wherein it is incorrect. 

Ans. I think that Fig. 6 would, with the alterations you suggest, 
and a return wire instead of the earth, be a substantially correct 
diagram of the arrangements used in the experiments referred to, 


* assuming the instruments to have been connected in series as 


shown. 


Cross-Q. 319. In this Fig. 6, as actually shown in the patent, the 


instruments at the left-hand station, to which station I pry reed 
referred in my last question, are exactly the same kind of instru- 
ments as those shown in the middle station and in the right-hand 
station, are they not? 

Ans. Substantially so. It is not necessary to have them different, 
but they may be made so if desired. That particular drawing 
shows them the same at the three stations. 

Cross-Q. 320. For convenience of reference I will mark the left- 
hand station in that Fig.6 as No. 1, the middle station as No. 2, 
and the right-hand station No. 3, and I will assume that station No. 
2 corresponds to the receiving station in your room during the June 
2d experiment, and that station No. 3 corresponds to the receiving 
station in Mr. Watson’s room at the same time, in which case sta- 
tion No. 1 would correspond to the transmitting station in your 
room. Comparing the instruments with which you commenced 
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operations on that day at the transmitting station with the instru- 
ment shown at station No. 1 in said patent drawing, I understand 
2 the former to have consisted of circuit-interrupters, with — 27 h 
keys for throwing them in and out of circuit, and I understand the 
latter to consist, not of circuit-interrupters and telegraph keys, but 
of magneto-transmitting reed instruments arranged in the circuit ; 
am I correct? 

Ans. Yes; it being understood that the reeds did not in any way 
interrupt the circuit; that the magnetism was produced in the 
instruments shown in the drawing Fig. 6 chiefly by means of a 

battery in the circuit ; that any of the other instruments at 
1650 the other stations could equally well be used as transmitters, 

and that those instruments specially designated in the ques- 
tion as transmitters might equally well have served as receivers. 

This apparatus, like the one referred to in the June 2d experi- 
ment, when used to transmit Morse signals, should be operated b 
Morse keys or their equivalent to produce dots and dashes. It is 
not necessary that the keys should manipulate the main electrical 
circuit. It is sufficient that they should cause the cessation of the 
mechanical vibration of any of the reeds when the instrument is 
used as a transmitter. 


(Counsel for defendants requests the examiner to note that the 
paragraph beginning this apparatus was added at the suggestion 
of Mr. Storrow. And it is so noted.) 


Cross-Q. 321. Now, referring to this transmitting station, it is 
true, is it not, that your passage from the circuit-interrupting appa- 
ratus, which you were using at the beginning of that June 2 experi- 
ment to the magneto-transmitting reed instruments shown in the 
left-hand station of figure 6 of your said patent of March 7, 1876, as 
a transmitting apparatus was one of the results of that discovery of 
June 2, 1875? 

Ans. Oh, no; not at all. I had made the transition in theory . 
long before, but up to the date of the experiment referred to I had 
presumed that the magneto-transmitting reed instrument would 
produce so much feebler effects than the circuit-interrupting appa- 
ratus that I feared that they might not prove sufficient for the pur- 
poses of my inventions. The experiment of June 2 occasioned a 

change in my opinion — this point, and this was the 
chief result of the experiments made that day. 

Cross-Q. 322. And that change of opinion caused you to substi- 
tute the magneto-transmitters in place of the circuit-interrupters ; 
did it not? 

Ans. If by substitution you mean giving up the circuit-inter- 
rupters, it did not. The vibrations produced in the receivers by the 
action of the circuit-interrupters seemed to be more powerful than 
those produced by the magneto-transmitters mentioned, and I felt 
that they might well be utilized for certain pu in my system 
of maltiple telegraphy, but when it was designed to transmit many 
Morse messages simultaneously on the same circuit, I believe that 
the magneto-reed instruments would permit of the transmission of a 
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been plucked by Mr. Watson. In this experiment, also, the effects 
were perfectly well produced without any battery upon the circuit, 
and without any other source of permanent magnetism than the 


feeble charge in the thin steel-spring armature, that would proba- 


bly be caused by previous experiments with batteries, or the resid- 
ual magnetism of the soft-iron cores due to the same experiments. 

These results, therefore, satisfied me that I had very much under- 
rated the power of undulatory electrical currents produced by the 
vibration of an armature to produce audible sonorous effects, and 
convinced me in a moment that the speaking telephone I had 
devised in the summer of 1874 would, if constructed, prove a prac- 
tically operative instrument. 

I have not described in detail the construction of the transmitting 
instruments used at station 1 to make and break the electrical cir- 
cuit, as I thought such description unnecessary to the comprehen- 
sion of the specific experiments — — about. 

318. In your patent of March 7, 1876, I understand Fig. 

6 of the drawings to represent three stations of a harmonic or 

1649 multiple telegraph system. Without reference to the ques- 
tion as to whether you had your instruments of June 2 con- 


i nected in series or multiple arc, I wish to know how far this Fig. 6 


represents the apparatus with which you commenced those experi- 
ments on June 2, and I will state that as I understand your testi- 
mony, if the instruments A B C of the left-hand station directly 
over the battery, as shown in said drawing, were removed, and your 
circuit-interrupters and telegraph keys substituted therefor, then 
said Fig. 6 would be a pretty correct representation of your appa- 


ratus at the beginning of your June 2 experiment. Please state 


whether my understanding of your testimony is correct, and, if not, 
wherein it is incorrect. 

Ans. I think that Fig. 6 would, with the alterations you suggest, 
and a return wire instead of the earth, be a substantially correct 
diagram of the arrangements used in the experiments referred to, 


* assuming the instruments to have been connected in series as 


shown. 


Cross-Q. 319. In this Fig. 6, as actually shown in the patent, the 


instruments at the left-hand station, to which station I pry 
referred in my last question, are exactly the same kind of instru- 
ments as those shown in the middle station and in the right-hand 
station, are they not? 

Ans. Substantially so. It is not necessary to have them different, 
but they may be made so if desired. That particular drawing 
shows them the same at the three stations. 

Cross-Q. 320. For convenience of reference I will mark the left- 
hand station in that Fig.6 as No. 1, the middle station as No. 2, 
and the right-hand station No. 3, and I will assume that station No. 
2 corresponds to the receiving station in your room during the June 
2d experiment, and that station No. 3 corresponds to the receiving 
station in Mr. Watson’s room at the same time, in which case sta- 
tion No. 1 would correspond to the transmitting station in your 
room. Comparing the instruments with which you commenced 
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operations on that day at the transmitting station with the instru- 
ment shown at station No. 1 in said nt drawing, I understand 


the former to have consisted of circuit-interrupters, with * h 
Ixeys for throwing them in and out of circuit, and I understand the 


latter to consist, not of circuit-interrupters and telegraph keys, but 
of magneto-transmitting reed instruments arranged in the circuit ; 
am I correct? 

Ans. Yes; it being understood that the reeds did not in any way 
interrupt the circuit; that the magnetism was produced in the 
instruments shown in the drawing Fig. 6 chiefly by means of a 

battery in the circuit ; that any of the other instruments at 
1650 the other stations could equally well be used as transmitters, 

and that those instruments specially designated in the ques- 
tion as transmitters might equally well have served as receivers. 

This apparatus, like the one referred to in the June 2d experi- 
ment, when used to transmit Morse signals, should be operated b 
Morse keys or their equivalent to produce dots and dashes. It is 
not necessary that the keys should manipulate the main electrical 
circuit. It is sufficient that they should cause the cessation of the 
mechanical vibration of any of the reeds when the instrument is 
used as a transmitter. 


(Counsel for defendants requests the examiner to note that the 


paragraph beginning this apparatus was added at the suggestion 
of Mr. Storrow. And it is so noted.) 


Cross-Q. 321. Now, referring to this transmitting station, it is 
true, is it not, that your passage from the circuit-interrupting appa- 
ratus, which you were using at the beginning of that June 2 experi- 
ment to the magneto-transmitting reed instruments shown in the 
left-hand station of figure 6 of your said patent of March 7, 1876, as 
a transmitting apparatus was one of the results of that discovery of 
June 2, 1875? 

Ans. Oh, no; not at all. I had made the transition in theory . 
long before, but up to the date of the experiment referred to I had 
presumed that the magneto-transmitting reed instrument would 
produce so much feebler effects than the circuit-interru ing appa- 
ratus that I feared that they might not prove sufficient for the pur- 
poses of my inventions. The experiment of June 2 occasioned a 

change in my opinion regarding this point, and this was the 
chief result of the experiments made that day. 

Cross-Q. 322. And that change of opinion caused you to substi- 
tute the magneto-transmitters in place of the circuit-interrupters ; 
did it not? 

Ans. If by substitution you mean giving up the circuit-inter- 
rupters, it did not. The vibrations produced in the receivers by the 
action of the circuit-interrupters seemed to be more powerful than 
those produced by the magneto-transmitters mentioned, and I felt 
that they might well be utilized for certain purposes in my system 
of multiple telegraphy, but when it was designed to transmit many 
Morse messages simultaneously on the same circuit, I believe that 
the magneto-reed instruments would permit of the transmission of a 
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very much larger number of messages, without interference with one 
another, than could be possible with circuit-interrupters. 

It is, perhaps, unnecessary to add that I never held the 

1651 opinion that articulate speech could be reproduced by any 

apparatus interrupting the electrical circuit; hence I presume 

that the question refers entirely to apparatus used in my system of 

multiple telegraphy. 

Cross-Q. 323. Vour belief that when it was designed to transmit 
many Morse messages simultaneously on the same circuit the mag - 
neto-reed instruments would permit of the transmission of a very 
much larger number of messages without interference with one 
another than would be possible with circuit-interrupters was a belief 
which had its origin in the experiment of June 2, 1875, and in the 
discovery which you made that day; was it not? 

Ans. No; it had its origin long before, but I had feared until the 
2d of June, 1875, that the instruments might not prove in practice 
as perfectly adapted for my purposes (on account of the feebleness 
of the vibrations in the receiving reeds) as they were in theory. My 
thorough and complete belief in the practicability of using such in- 
struments in anything more than laboratory experiments dates from 
the experiment referred to. All the theoretical part had been devel- 
oped long before that time. There was only one difficulty in my 
min e supposed feebleness of the effect. The discovery of June 
2 simply removed this difficulty. 

Cross-Q. 324. Then the discovery of June 2 consisted simply in 
this, that the magneto current produced by vibrating an armature 
in front of the pole of an electro-magnet was stronger than you had 
supposed ; is that the fact ? 

Ans. Partly. The chief difficulty in my mind was as to the vio- 
lence of the sonorous effect at the receiving end produced by the 
action of this current. I had feared that it might not be sufficiently 
audible for practical purposes. The discovery of June 2 consisted 
chiefly in this—that it was. | a 

325. And when you had made that discovery, then you 
availed yourself of it by reorgunizing your apparatus upon the plan 
shown in Fig. 6 of your patent of March 7, 1876, as one result of the 
discovery ; did you not. 

Ans. Certainly, but I do not think I did so immediately. The 
moment the discovery was made the practicability of the speaking 
telephone devised by me in 1874 flashed upon me, and I instant! 
gave instractions to have the instrument made. I was too much 
excited over this to attach more than secondary importance to mul- 
tiple telegraphy at the time. 1 had already, asI have stated above, 

arrived theoretically at the arrangements shown in Fig. 6, 
1652 and within the next few days after June 2 and on that day 

I made experiments that demonstrated to my mind that the 
whole arrangement shown in Fig. 6 was practicable. 

Cross-Q. 326. When did you for the first time actuall7 put to- 
gether and experimentally operate a system substantially the same 
as that shown in figure 6 of said patent? 
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Ans. I cannot say precisely, but somewhere in June or July, 1875; 
I think in June. | 

Cross-Q. 327. And when did you for the first time actually put 
together and experimentally operate the combination of instrumen- 
talities as shown in figure 5 of said patent drawing ? 

Ans. June 2, 1875. 

Cross-Q. 328. At the beginning of your experiment of June 2, 
1875, you already had in your possession, previously constructed, all 
of the several instrumentalities shown in said figures 5 and 6, but 
had never combined them together as there shown, if I understand 
you. Am I right? , 

Ans. I had never combined the instruments in figures 5 and 6 
purposely as shown, but I have no doubt that they were often pre- 
viously combined in that way in my experiments unintentionally. 

Cross-Q. 329. And until June 2, 1875, without the discovery of any 
practical utility in so combining them ? : 

Ans. The only utility I had in view in such experiments was their 
use as receivers for — —ä transmitters. 

Cross-Q. 330. How long — to June 2, 1875, had you had in your 
possession instruments substantially like the magneto receivers or 
transmitters shown in figures 5 and 6? 

Ans. The instruments shown in figures 1 and 3, 109 and 
111 of my deposition, I had in November, 1873, as there stated. I 
consider them substantially the same for the purposes of this — 
tion, though there are some differences of construction, which I can 
explain if required. The instruments of figure 5 of the patent are 
— 1 forms of the same receiving instruments shown on pages 
109 and 111 of my deposition. I should think that such instru- 
ments might be substituted for those shown in figures 5 and 6 of 
the patent with substantially the same results. 


Adjourned to February 23. 


FEBRUARY 23, 1883. 


Cross-Q. 331. How long prior to June second, 1875, had you 

known that if a permanent magnet be vibrated in front of 

1653 the pale or poles of an electro-magnet in a closed circuit, and 

sufficiently near to bring the eleetro- magnet within the field 

of force of the permanent magnet, electric currents would thereby 

be caused to traverse the circuit in alternately opposite directions, 
even though there were no battery included in the circuit ? 

Ans. I do not know. I had all the knowledge necessary to know 
this, if I had thought about the matter, when I first took up the 
study of electricity; certainly previous to 1870, the date of my 
coming to this continent. I am not conscious of having thought of 
applying this to vibrations coming with the frequency of an audible 
sound for the pu of my inventions until the summer of 1874. 

Cross-Q. 332. How long prior to June 2, 1875, had you known 
that if an electro-magnet be included in a closed circuit with a bat- 
tery, and a plate or armature of inductive material be vibrated in 
front 7 2 > of the electro-magnet and within its field of force, 
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very much larger number of messages, without interference with one 
another, than could be possible with circuit-interrupters. 
It is, perhaps, unnecessary to add that I never held the 
1651 opinion that articulate speech could be reproduced by any 
apparatus interrupting the electrical circuit; hence I presume 
that the question refers entirely to apparatus used in my system of 
multiple telegraphy. 

Cross-Q. 323. — belief that when it was designed to transmit 
many Morse messages simultaneously on the same circuit the mag - 
neto-reed instruments would permit of the transmission of a very 
much larger number of messages without interference with one 
another than would be possible with circuit-interrupters was a belief 
which had its origin in the experiment of June 2, 1875, and in the 
discovery which you made that day; was it not? 

Ans. No; it had its origin long before, but I had feared until the 
2d of June, 1875, that the instruments might not prove in practice 
as perfectly adapted for my purposes (on account of the feebleness 
of the vibrations in the receiving reeds) as they were in theory. My 
thorough and complete belief in the practicability of using such in- 
struments in anything more than laboratory experiments dates from 
the experiment referred to. All the theoretical part had been devel- 
oped long before that time. There was only one difficulty in my 
mind—the supposed feebleness of the effect. The discovery of June 
2 simply removed this difficulty. 

Cross-Q. 324. Then the discovery of June 2 consisted simply in 
this, that the magneto current produced by vibrating an armature 
in front of the pole of an electro-magnet was stronger than you had 
supposed ; is that the fact ? 

Ans. Partly. The chief difficulty in my mind was as to the vio- 
lence of the sonorous effect at the receiving end produced by the 
action of this current. I had feared that it might not be sufficiently 
audible for practical purposes. The discovery of June 2 consisted 
chiefly in this—that it was. | 

Cross-Q. 525. And when you had made that discovery, then you 
availed yourself of it by reorganizing your apparatus upon the plan 
shown in Fig. 6 of your patent of March 7, 1876, as one result of the 
discovery ; did you not. 

Ans. Certainly, but I do not think I did so immediately. The 
moment the discovery was made the practicability of the speaking 
telephone devised by me in 1874 flashed upon me, and I instant! 
gave instructions to have the instrument made. I was too mu 
excited over this to attach more than secondary importance to mul- 
tiple telegraphy at the time. 1 had already, as I have stated above, 

arrived theoretically at the arrangements shown in Fig. 6, 
1652 and within the next few days after June 2 and on that day 
I made experiments that demonstrated to my mind that the 

whole arrangement shown in Fig. 6 was practicable. 
When did you for the first time actuall7 put to- 
gether and experimentally operate a system substantially the same 
as that shown in figure 6 of said patent? 


1675 


Ans. I cannot say precisely, but somewhere in June or July, 1875; 

I think in June. 

* Cross-. 327. And when did you for the first time actually put 
together and experimentally operate the combination of instrumen- 
talities as-shown in figure 5 of said patent drawing? 

Ans. June 2, 1875. : “4 

Cross-Q. 328. At the beginning of your experiment of June 2, 4 
1875, you already had in your possession, previously constructed, all 
of the several instrumentalities shown in said figures 5 and 6, but 
had never combined them together as there shown, if I understand 
you. Am I right? : 

Ans. I had never combined the instruments in figures 5 and 6 
purposely as shown, but I have no doubt that they were often pre- 
viously combined in that way in my experiments unintentionally. 

Cross-Q. 329. And until June 2, 1875, without the discovery of any 
practical utility in so combining them ? 3 

Ans. The only utility I had in view in such experiments was their 

' use as receivers for —— transmitters. 

Cross-Q. 330. How long — to June 2, 1875, had you had in your 
possession instruments substantially like the magneto receivers or 

transinitters shown in figures 5 and 6? 

Ans. The instruments shown in figures 1 and 3, 109 and 
111 of my deposition, I had in November, 1873, as there stated. I 
consider them substantially the same for the purposes of this ques- 
tion, though there are some differences of construction, which I can 
explain if required. The instruments of figure 5 of the patent are 
— 1 forms of the same receiving instruments shown on pages 
109 and 111 of my deposition. I should think that such instru- 
ments might be substituted for those shown in figures 5 and 6 of 
the patent with substantially the same results. 


Adjourned to February 23. 


—— 
— 


FEBRUARY 23, 1883. 


Cross-Q. 331. How long prior to June second, 1875, had you 
known that if a permanent magnet be vibrated in front of 
1653 the pole or poles of an electro-magnet in a closed circuit, and 
sufficiently near to bring the eleetro- magnet within the field 
of force of the permanent magnet, electric currents would thereby 
be caused to traverse the circuit in alternately opposite directions, 
even though there were no battery included in the circuit ? 

Ans. I do not know. I had all the knowledge necessary to know 
this, if I had thought about the matter, when I first took up the 
study of electricity; certainly previous to 1870, the date of my 
coming to this continent. I am not conscious of having thought of 
applying this to vibrations coming with the frequency of an audible 
sound for the pu of my inventions until the summer of 1874. 

Cross-Q. 332. How long prior to June 2, 1875, had you known 
that if an — 8 included in a closed circuit with a hat- 
tery, and a plate or armature of inductive material be vibrated in 
front 2 oe “3 of the electro-magnet and within its field of force, 
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electrical undulations would thereby be set up in or transmitted 
through the circuit? 

Ans. I am not conscious of having thought of this until the sum- 
mer of 1874. 

Cross-Q. 333. Do you claim to be the first discoverer of the effects 
stated in my last two questions, or either of them, or were they 
known to other electricians prior to your investigations? 


(Objected to as immaterial.) 


Ans. I think that the state of knowledge at the time I made my 
discoveries was such that the effects stated could have been deduced 
from the premises sup I believe myself to have been the 
first person to have made the deductions, and to have applied them 
to the case of the sonorous vibration of a permanent magnet or 
plate or armature of inductive material in front of the pole or poles 
of an 1 placed in a closed circuit as stated. 

Cross-Q. 334. Was not the state of knowledge at the time you 
made your discoveries such that the effects stated in my said two 
— were actually known to electricians to result from the con- 

itions stated in said questions; and this question I ask, as I asked 
the others, without reference to the application of such knowledge 
in the transmission of sound vibrations. | 

(Complainants’ counsel inquires whether the examining counsel 
means to use the word “vibrate” in the sense of motions of such 

rapidity as belong to sonorous vibrations, or whether he 
1654 means to include any case where a permanent magnet is 

caused to approach the poles of an electro-magnet and after- 
wards to recede therefrom. | : 

Respondents’ counsel replies that in the interrogatories referred 
to he uses the word “vibrate” in its ordinary and well-known sense, 
and in his present interrogatory he has specifically stated that he 
used it without reference to the application of such knowledge in 
the transmission of sound vibrations. 

Complainants’ counsel states that his request does not refer to the 
purposes for which the movement is employed, but to the kind of 
movement of the permanent magnet or armature, and in order that 
the question may be relieved from ambiguity, he still thinks that it 
should state whether it refers to the one kind of movement or to the 
other, or whether it includes them both. 

Respondents’ counsel replies that the witness may answer the 


uestion, assuming the word “ vibrate” to be used in the sense of 


ternately approach and recede from. 

Complainants’ counsel now objects to the question, for the reason 
that the state of knowledge which he understands to be inquired of 
by the question, as he understands it is to be now construed, is 
stated by the patent itself to have been long known and to form no 
Ee of the invention, in the passage of the patent at the top of page 

7 of complainants’ evidence, and, therefore, that the question is 
immaterial.) 


Ans. My inventions and researches had reference entirely to vi- 
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brations that would produce the sensation of sound, and I do not 
believe that the effects stated in your two questions were actually 
known to electricians before I deduced them, although, as I have 


s* stated, the state of knowledge at the time was such that they might 


have been deduced. 

In regard to vibrations in the simple sense of a to-and-fro 

movement, without reference to a movement of such character as to 
— the sensation of sound, I said in my patent of March 7, 

„It has long been known that when a permanent magnet is 
caused to approach the pole of an C —— — — 
trieity is induced in the coils of the latter, and that when it is made 
to recede a current of opposite polarity to the first appears upon the 
wire.” | 

In regard to the conditions stated in eross-question 332, I do not 
know exactly how much was actually known to electricians at the 
date of my discoveries in reference to simple to-and-fro motions, but 
it is obvious that whatever effects might have been positively known 
regarding the to-and-fro motion of permanent magnets in front of 

. electro-magnets would also have been presumed to follow in 
1655 the case of plates or armatures of inductive material moved 
to and fro in front of the pole of an electro-magnet excited 

by a battery current. 

Cross-Q. 335. So that you did not discover that the to-and-fro 
movement of the magnet of inductive material under the conditions 
stated in my said two questions would produce the effect there re- 
ferred to, to wit, the undulatory or vibratory current upon the line; 
but you did discover that if said to-and-fro movements were made 
to follow each other with sufficient rapidity to bring their vibration 
within the limits of sound vibrations the effect referred to would 
still follow. Am I correct? 


(Same objection.) ä 
Ans. I deduced from the known laws of magneto- electricity that 


the variations in the electrical current induced by the to-and-fro 


movement of a magnet, or of inductive material under ‘the condi- 
tions stated in your two questions, would correspond to the motions 
themselves; so that if the changes in the current were ° graphically 
shown they would be represented by a curve substantially similar 
to the curve that would represent the motion of the inducing body. 
In answer to the first part of the question, there was nothing in 
the state of knowledge to have prevented any one from arriving at 
this conclusion in the case of to-and-fro movements at the time 
—— I did, but I do not believe that any one had arrived at this re- 
sult. 

In regard to the second part of the question, I believe that I was 
also the first to discover that if the said to-and-fro movements were 
made to follow each other with sufficient rapidity to bring their vi- 
bration within the limits of sound vibrations the effect referred to 
would still follow, namely, that the undulatory or vibratory current 
would correspond in character to the character of the vibration that 
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caused it, and hence to the character of the aerial motions produced 
by that vibration. That is, that the variation in the current would 
not only correspond in frequency to the rapidity of the sonorous 
vibrations, but would also correspond to those minor details of the 
vibration that determine what we call the character or the quality 
of the sound produced. 

Cross-Q. 336. And when do you date that discovery last referred 
to? 8 

Ans. In the summer of 1874. 

337. Can you not approximate the exact time more closel 
than by the — expression summer of 1874?” 

Ans. I only know that it was made during my summer vacation 
in 1874, and that I described the idea to friends in Canada in July 
of that year. That is as near an approximation to the date as I can 

ve. 
1656 1. Cross-. 338. As you did not return from your vacation 
until about October 1, 1874 (see answer 45, page 121, of com- 
plainants’ printed record), are you sure that you described your ideas 
prior to September ; and, if so, how do you know? 

Ans. Perfectly certain. I remember that the description referred 
- 8 place soon after my arrival in Canada in that summer of 

7 

Cross-. 339. Passing now from your deductions in the summer 
of 1874 to your discovery of June 2, 1875, which you state in your 
317th answer was as follows: “That the vibrations caused in the 
armature of a receiving instrument by electrical undulations occa- 
sioned by the vibrations of the armature of another instrument in 
the same circuit as the first would be of very considerable force”— 
that discovery had reference to the force of the vibrations caused in 
the armature of a receiving instrument by electrical undulations 
occasioned by the vibrations of the armature of another instrument 
in the same circuit without a battery in the circuit, had it not? 

Ans. It was the production of the effects without a battery upon 
the circuit that chiefly convinced me of this, namely: That vibra- 
tion — in the receiving armature in the manner indicated 
“would prove sufficiently violent to produce audible effects that 
would prove practically useful either for the purpose of the repro- 
duction of articulate speech or for the purpose of multiple teleg- 
raphy,” as stated in my description of the discovery referred to (see 
my answer to cross-question 317, page 1591) ; but the passage quoted 
in —< ac did not refer exclusively to cases where no battery 
was ‘ 

Cross-. 340. Then prior to June second, 1875, if I understand 
you, you did not believe that the vibrations caused in the armature 
of a receiving instrument by electrical undulations occasioned by 
the vibration of the armature of another instrument in the same cir- 
cuit as the first would be of sufficient force to prove practically use- 
ful for either of the purposes you have — is, the pur- 


pose of reproducing articulate speech or the pu of multiple 
telegraphy—whether a permanent magnet were vibrated in front of 
an electro-magnet without a battery in circuit or a plate of inductive 
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material were vibrated in front of an electro-magnet with a battery 
in circuit. Am I correct? 

Ans. I was extremely doubtful; I hoped that they might prove 
of sufficient force, but «as unable to decide simply from the state of 
knowledge at the time without practical experiments to test the 

int. 
1657 Cross-. 341. Did you regard the point as one of great im- 
portance to be determined ? 

Ans. For the purpose of multiple telegraphy I did not consider it 
of so much importance until after I had determined whether or not 
a large number of Morse messages could be transmitted without in- 
terference with one another by interrupted currents, for I always 
thought that whatever audible effects would be produced in the way 
referred to in the question the musical tones produced — 
rupted currents would be much louder, and, thereſore, ſor r- 
poses of — telegra phy of more practical importance than 
produced in the other way. The chief value of the undulatory cur- 
rent for the purposes of multiple telegraphy appeared to me to lie in 
the possibility of transmitting a very much larger number of musi- 
cal signals, hence messages, without interference than could be pos- 
sible with the intermittent — For the — — of . 
articulate speech by electrical means I regarded the point inqui 
about as of great importance. 

2. From the summer of 1874 till at least as late as 
June 2, 1875, your experimental work was confined almost, if not 
quite, exclusively to your multiple-telegraph inventions, was it not? 

Ans. Yes, excepting so far as my professional experiments in 
teaching correct articulation to deaf mutes and persons with defect- 
ive h was concerned. During the early part of the period re- 
ferred to my professional experiments occupied most of my time. 

Cross-Q. 343. Within the period I have mentioned in my last 
question how many patents did you take out or apply for in this 
country on inventions relating to multiple telegraphs; and will you 
state the particular subjects of said inventions, the dates when the 
applications were filed, and the dates when the patents were granted? 
ns. 1. Application, February 25, 1875. Multiple telegraphy ; 
circuit-breaking vibrators for transmitters and tuned reed receivers; 

tent not issued; in interference with Gray. 2. Application, 

arch 6, 1875. Vibratory circuit-breaker and autograph - 
patented as No. 161,709, April 6, 1875. 3. Application, March 10, 
1875. Multiple telegraph circuit-breaking transmitters used with 
induction coils; in interference with Gray ; patent not issued. 

Cross-Q. 344. Then the doubt which you speak of in your 340th 


auswer was 80 strong and the hope so weak that, although the gen- 


eration of undulatory currents in a circuit by the inductive 
1658 energy of a vibrating magnet or plate in front of the pole of 
an electro-magnet suggested itself to your mind as early as 
July, 1874, and although for the purpose of reproducing articu- 


late speech by electrical means it was of the test importance 
to determine — electric undulations so — in the line 


would produce sonorous vibrations at the receiving reed or not, 


1680 


and although you had in your posessions all the instrumentalities 
necessary for the demonstration of that question, and although having 
these instrumentalities the experiment was an exceedingly easy one 
to make, yet, from July, 1874, till June 2, 1875, you never made the 
experiment, nor attempted to make it, nor attempted to ascertain 


whether your doubt was well founded or not, and the experiment 


of June 2, 1875, which finally resolved your doubt, was an experi- 
ment relating to the multiple telegraph, in which the resolving of 
your doubt was purely an accidental matter. Am I correct? 

Ans. I would rather say that the points alluded to can only be 
satisfactorily understood by the thorough understanding of my 
— of life at the time, and the difficulties under which I 
a 

In the first place it will be understood that I was dependent upon 
my professional exertions for support; and in the second place that 
I was in honor pledged to the capitalist who supplied the money for 
my experiments to devote all my spare time and thoughts to the 
development of multiple telegraphy. 

Mv professional labors consisted— 

1. In the preparation and delivery of courses of lectures at the 
Boston University upon vocal physiology. 

2. In the preparation and delivery of courses of lectures upon the 
subject of teaching articulation to the deaf and dumb, whicli were 
. to a special class formed exclusively of teachers of the deaf and 

umb, who were sent to me from the various institutions in the 
country, and of persons who were desirous of qualifying theinselves 
to become articulation teachers of the deaf mal dumb. 

3. In addition to these courses of lectures I experimentally demon- 
strated the methods of teaching articulation to the deaf by giving 
personal instruction to individual pupils who were deaf and dumb. 

4. I supplemented my lectures in the Boston University on vocal 


physiology by experimental demonstration of the practicability of 


correcting stammering, stuttering, lisping, burring, and other de 
of speech by giving private individual instruction to pupils with 
defective speech ; and | a 
5. In addition to these professional labors I was also under- 
1659 taking, as an experiment that interested me, the general edu- 
cation of a very young deaf-mute child. 

It will, therefore, easily be understood that in the autumn of 1874 
my time was completely occupied from morning till night with these 
occupations. My experiments and researches upon other subjects 
had to be done exclusively at night, after other people were in bed 
and asleep, excepting upon Sundays and holidays. It will also be 
understood that the income I derived from these professional labors 
was a fairly good one, and it was my only means of support. 

Some time in the autumn of 1874 Mr. Thomas 2 and Mr. 
Gardiner G. Hubbard became interested in my inventions, and espe- 
cially in the invention of multiple telegraphy. An arrangement 
was entered into by which it was understood that they would pay 
the expense of the construction of experimental apparatus by prop- 
erly skilled mechanics, and the expense of patent applications in 
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the United States, and of any interferencesor lawsuits that might arise; 


and I, on the other hand, agreed to give up a portion of my pro- 


fessional work for the purpose of devoting time to the a 
details of the system of multiply telegraphy. 1 had hoped and 
expected to have supported myself by my professional exertions, 
and at the same time to have been able to afford time for the prose- 
cution of my experiments in multiple telegraphy. 

In October, 1874, a caveat for the telegraph, which had 
been prepared by me, was forwarded to Washington to be filed in 
the Patent Office; but, upon consultation, Mr. Hubbard decided that, 
as the invention was su 8 applications for letters 

tent should be made instead. hen these applications were filed 
in the Patent Office I was soon thrown into interference with Mr. 
Elisha Gray, who had developed a somewhat similar system of mul- 
tiple telegraphy. This circumstance threw me into a fever of excite- 
ment. I feared that I might lose the fruits of laborious researches 
carried on for years under great difficulties, and I therefore devoted 
every moment I could spare to the development of multiple teleg- 
raphy. Indeed, I devoted to this subject more time than I could 
spare, for it led to the subordination and partial neglect of my pro- 
fessional work, so that I was soon in such a position that I was not 
earning my support. In addition to this, my close application to 
this subject and the worry and anxiety under which I labored began 
to affect my health, and at last I was forced to make a change. On 

the 18th of March, 1875, matters had come to such a pass that 
1660 I wrote to my father and mother, in a letter shown on p. 125, 
complainants’ record, as follows: 


“T have just returned from my trip to New York, thoroughly worn 
out. Found your letters of the 14th inst. awaiting me. am now 
beginning to realize the cares and anxieties of being an inventor. 
In order to complete the apparatus as thoroughly as poasible I have 
decided to give up all professional work for some weeks. I have 

ut off all pupils and classes until the 12th of April. Flesh and 

lood could not stand much longer such a strain as I have had upon 
me. Professional work is all in confusion, and the only way is to 
2 — Gordian knot and throw up everything until the end is 
achieved.” 


(Adjourned to February 24.) 
FesRuARY 24. 
(The witness continues: : 


During this period it must not be supposed that I had forgotten 
or neglected my ideas concerning the — telephone. Although, 
as stated above, I felt it my duty to devote all my spare time and 
thoughts to the development of multiple telegraphy, I could not 
help thinking and dreaming of the speaking telephone. It was 
constantly in my mind. 1 had explained my ideas on this subject 
to friends in Canada in the summer of 1874, and upon my return to 
the United States in October of that year I explained my ideas upon 
this subject to Mr. Hubbard and Mr. Sanders, and shortly after the 
21st of to Dr. Clarence J. Blake, of Boston. The fact of an 
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explanation of a speaking telephone having been given to Dr. Blake 
in October, 1874, og ae upon my memory by the fact that 
this explanation was the result of a letter I had received from him 
dated October 21, 1874 — on page 342 of complainants’ record), 
in which he used the following remarkable expression which at once 
riveted my attention: “I have received a letter from the Royal In- 
stitute from Elisha Gray concerning his experiments in telegraphing 
vocal sounds, which you will be glad to see.” 

My fears were at once aroused. I was afraid that some one else 
was at work upon the speaking telephone. I visited Dr. Blake 
within a few days of the receipt of his letter, not for the purpose of 
learning what Mr. Gray or any one else had done in this line, but, 
1, for the purpose of describing to him the method and apparatus 
that I had devised for the reproduction of articulate h by elec- 
trical means; 2, and for the purpose of seeking his advice concern- 

ing the operation of the membrane on [ had devised, 
1661 as he was a scientific man of eminence who had devoted much 

time and thought to acoustical subjects, and specially to the 
subject of the vibration of loaded membranes like that of the human 
ear and in the Scott phonau ph. I remember * distinetl 
that these were the objects with which I visited Dr. Blake, and 
remember also that I refused to see the letter from Mr. Elisha Gray 
in spite of Dr. Blake’s assurance that it had nothing to do with 
vocal sounds. 

By Mr. Hubbard’s advice I explained my ideas concerning mul- 
tiple telegraphy and the speaking telephone, confidentially, about this 
time (the latter part of October or the early part of November, 1874) 
to several scientific gentlemen, whose names I have forgotten, with 
the 2 of Mr. Moses G. Farmer and Prof. Lovering, of Har- 
vard College. 


In the letter to my father and mother, dated March 18th, 1875, 
from which I have quoted above, occurs the following account of 
my explanation of the speaking telephone to the late Prof. Henry, 
at Washington. (See page 126 of complainants’ evidence.) 

“TI felt so much encouraged by his interest that I determined to 
ask his advice about the apparatus I have designed for the trans- 
mission of the human voice by telegraph. I explained the idea, 
and said: ‘What would. you advise me to do—publish it and let 
others work it out, or attempt to solve the problem myself?’ He 
said he thought it was the germ of a great invention, and advised me 
to work at it myself instead of publishing. I said that I recognized 
the fact that there were mechanical difficulties in the way that ren- 
dered the plan impracticable at the present time. I added that I 
felt I had not the electrical knowledge necessary to overcome the 
difficulties. His laconic answer was, ‘ Get it.’ 

“T cannot tell you how much these two words have encouraged 
me. I live too much in an atmosphere of discouragement for sci- 
entific pursuits. Good —— is unfortunately one of the cui bono 
people and is too much in the habit of looking at the dark side of 
things. Such a chimerical idea as telegraphing vocal sounds would 
indeed, to most minds, seem scarcely feasible enough to spend time 
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in working over. I believe, however, that it is feasible and that I 
have got the cue to the solution of the problem.” 


The appreciation of Professor Henry acted as astimulus to the 


development of the speaking telephone. In spite of my efforts to 
concentrate my thoughts upon multiple telegraphy, as Mr. Sanders 
and Mr. Hubbard wished me to do, my mind was full of it. All that 
I read 2 electrical subjects seemed to be viewed from the stand- 
int of — — telephone, and some time dr ring March or April, 
875, certainly earlier than the 4th of May, I obtained what I con- 
sidered a clew out of the theoretical difficulties in the way 
1662 of the realization of my idea. It will be remembered that 
the theoretical difficulty arose from the fact that I —— 
in my first speaking telephones to generate the electrical current 
employed by the action of the voice itself; hence the sounds pro- 
duced by the receiving telephone would necessarily be much feebler 
than those that actuated the transmitting telephone, and I feared 
they might not be sufficiently loud for practical — The new 
idea was to — the current independently of the voice itself 
and use the latter simply to control the strength of the current upon 
the line. This result, I thought, could be obtained by causing the 
resistance of a galvanic circuit to be varied by the action of the 
voice. I presumed that the relative variations in the current—that . 
is, that the electrical undulations which were like the sound vibra- 
tions—would be controlled by the action of the voice, while the abso- 
lute strength of the current would depend upon the power of the 
battery employed. So far, then, as the development of the speaking 
telephone was concerned, my attention was devoted almost exclu- 
sively, between the date of the above conception until the 2d of June, 
1875, in attempting to devise means whereby my membrane tele- 
phone, instead of generating an undulatory current, should be em- 
ployed to produce electrical undulations in a current already exist- 
ent upon the line by causing the resistance of the circuit to be varied 
in a manner corresponding to the details of the sound vibrations. 
I had the idea that the resulting sounds produced from a membrane 
telephone receiver like that I devised in 1874, if placed in the cir- 
cuit, would be. much louder than in the case of the magneto-electric 
telephone, and I hoped that the loudness of the sound might be 
more nearly —— to the power of the battery than to the 
loudness of the speaker’s voice. One of the means I devised at this 
time for this purpose is described in a letter to Mr. Hubbard, dated 
May 4, 1875 (see p. 129 of complainants’ evidence), and I quote from 
this letter the following , italicized as in the original : 
“Another experiment has occurred to me which, if successful, will 
pave the way for still greater results than any yet obtained. The 
strings of a musical instrument in vibrating undergo great changes 
of molecular tension. In fact the vibration represents the struggle 
between the tension of the string and the moving — — upon 
it. I have read somewhere that the resistance offered by a wire to 
the — of an electrical current 1 — * esta! the 
wire. is is 80, a continuous current ict a 
— Tee meet with a varying resistance and hence a 
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pulsatory action should be induced in the current. If this turns 
asin out to * — — ä— of _ — should cor 
1 respond in ude as as in the rate of movement to 
the vibrations of the string. One consequence would be that 

the timbre of a sound could be transmitted. e plan for trans- 
mitting timbre that I explained to you before, viz., — perma- 
nent magnets to vibrate in front of electro-magnets, is chiefly defect - 
ive on account of the feebleness of the induced currents. If the 
other plan is successful the strength of the current can be increased 
ad libitum without destroying the relative intensities of the vibrations.” 
Previously, then, to June 2, 1875, my experiments relating to the 

ing telephone were made entirely with reference to methods of 


varying the resistance of a circuit, and it did not occur to me to try 


the experiments referred to in the question, although I had the 
means at hand, until the discovery of — 2 redirected my attention 
to the point inquired about. It must be remembered also that I 
considered my legitimate work to be the development of multiple 

y, and what time I could spare from this work was neces- 
sarily devoted to private teaching. As stated above in the 
quoted from my letter to my father and mother, dated the 18th day 
of March, 1875, I put off all pupils and classes from the early part 
of March until the 12th of April. It is hardly necessary to state 
that by that time my professional work had become thoroughly 
R — and that I began to be in real want. 

ill, the emoluments derived from my connection with the Boston 
University and the fees received from a few private pupils gave me 
a small income, which enabled me, by severe economy, to get along. 
Towards the end of May or the commencement of June, however, 

to feel that a change of some kind was imperatively necessary. 
My profession was gradually dwindling away, and but for the kind- 
ness of my colleague, the late Prof. Lewis B. Monroe, in advancing 
to me sums of money that would in the future become due to me 
from my lectures in the Boston University I would not have been 
able to get along at all. My pecuniary condition was not known or 
fully — by Mr. Sanders and Mr. Hubbard. They had 
agreed to pay the expenses of my experiments, but no arrangement 
had been made to remunerate me ſor my time. On account of the 
liar relations then beginning to arise between myself and Mr. 
ubbard, I was unwilling that he should know of the condition in 
which I was placed, and I could not bear the idea of asking him to 
modify the arrangement that had been entered into so as to con- 
tribute any money to my —- The peculiar relations to which 
I refer will be understood when I say that Mr. Hubbard’s daughter 
is now my wife. . 
tween the summer of 1874 and the 2d of June, 1875, 
1664 therefore, the idea of the speaking telephone was constantly 
in my mind, and experiments were made relating to its de- 
velopment. 
I think that I have said enough to explain why it was that the 
particular experiments referred to in the question were not made at 
an earlier date than the 2d of June, 1875. 
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Cross-Q. 345. With two instruments in your possession, substan- 
tially such as shown at the ends of the circuit represented in figure 5 
of the patent of March 7, 1876, and with a battery in your possession 
and wires for the transmission of the currents, how much time would 
it noe to connect said two instruments by the wires, with or with- 
out the battery in the circuit, and pluck one of the reeds to ascertain 
8 — would — 4 — with an —— —— ? 

rt time i thought of trying the experiment 
in Boston, in’! Mr. Williams’ establishment, where the instruments 
were kept; but a much longer time if the experiment had occurred 
to me in Salem, Massachusetts, where I was residing, a distance 
of about eighteen or twenty miles from Boston. 

I suppose you mean it would have taken a longer 
time to get to and from the instruments, but not a longer time when 
you were in their presence, do you not? 

ty 9, Sn ee ion the 

. Inasmuch as you y in your possession 
instruments, the wires, and the battery, the iment could have 
been made at any time from the summer of 1874 to June 2, 1875, 
when you to be in the presence of the instruments with- 
out the expenditure of one penny of the capital of yourself, Mr. 
—s * * — — — it not? 5 
ns. ink so, although the instruments in my possession in 
autumnof 1874, being of my own construction, I felt were tooroughly 
made for = —— from — even the results intended — the 
purposes of multiple telegraphy as satisfactorily as from similar in- 
struments p — The first instruments made by a skilled 
mechanic in the winter of 1874 were not so suitable for the purposes 
of the experiment referred to in the question. 
. $48. The instruments shown in Fig. 5 of the patent of 
March 7, 1876, are multiple-telegraph instruments, are they not? 

Ans. They are. 

Cross-Q. 349. Mr. Hubbard and Mr. Sanders had under-. 
1665 taken in the fall of 1874, if I understand you, to defray the 
expenses of multiple telegraph instruments and appliances of 

your invention. Am I correct? 

Ans. Yes. | 

Crose-Q. 350. When was Mr. Watson first a to assist you 
in — electrical work; I mean when did he first begin to assist 

ou 

: Ans. I commenced to have n in the establish- 
ment of Mr. Charles Williams, Jr., electrician, No. 109 Court street, 
Boston, about the beginning of the year 1875, and Mr. Watson was 
the workman directed by Mr. Williams to make my tus. Mr. 
Watson was not independently employed by Mr. Hu „Mr. San- 
ders, and myself to assist me in ap Barer yy work until somewhere 
about the latter part of March or the Ist of April, 1876. At least it 
was after the date of the patent of March 7, 1876. 

Cross-Q. 351. From about the Ist of Jan , 1875, till the end of 
July, 1875, Mr. Williams was employed to e your machines and 
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apparatus relating to your electrical experiments, and Mr. Watson 
was his workman assigned to your work as I understand you ? 
Ans. Yes, but not — assigned to it; he did other work 
for Mr. Williams, and some of my apparatus was constructed by 
other workmen under the general superintendence of Mr. Watson. 


(Adjourned to February 26.) 
FEBRUARY 26. 


Cross-Q. 352. Was the contract made between yourself, Mr. Hub- 
bard, and Mr. Sanders, in the fall of 1874, in writing or not? 

Ans. I do not think so, but cannot be sure at the present time; my 
impression is that it was a mere verbal understanding. 

Crose-Q. 353. Will you ascertain. about it, and, if it was in writing, 
produce it or a duplicate of it during this examination? 

Ans. I will. 

Cross-Q. 354. Do you know about what time in the fall of 1874 
that contract was made, or understanding arrived at? 7 

Ans. In October, 1874; Mr. Sanders offered to assist me, and in 
consequence of the understanding arrived at with him the caveat for 
the multiple telegraph was prepared. Before the caveat was sent to 
Washington Mr. Hubbard me interested with us. This must 
have been either in the latter part of October, or, perhaps, the be- 

ginning of November, 1874; I think October. 
1666 Cross-Q. 355. If you had not at that time instruments made 
in good workmanlike manner, similar to those shown in Fig. 
5 of your patent of March 7, 1876, there was ory. to — your 
having them made as soon as Mr. Sanders and Mr. Hubbard had 
become interested with you, was there ? 

Ans. As soon as Mr. Hubbard and Mr. Sanders became interested 
I had instruments made to illustrate the specifications that were 
prepared, but — were not exactly similar to those shown in Fig. 

of my patent of March 7, 1876. 

C 356. Were they substantially similar? 

Ans. They were substantially similar in mode of operation when 
used as receivers, and were only intended to be so used. The 
armature of each instrument consisted of an iron weight which was 
clam to a brass reed. The normal rate of vibration of this 
weighted reed could be changed and regulated by shifting the posi- 
tion of the clamp. 

Cross-Q. 357. The instruments with which you made the experi- 
ment of June 2, 1875, were also intended for receivers, were they 
not? I mean those that were like the instruments shown in said 
Fig. 5. 

Ans. They were. 

Cross-Q. 358. Their reeds, as I understand, were intended to be 
adjusted to certain normal rates of vibration ; how was this adjust- 
ment accomplished ? | 

Ans. The reed was clamped on one pole of the magnet with a 
screw clamp, as shown in Complainants’ Exhibit No. 48, Bell’s Har- 
monic Receiver, given on page 48, of complainants’ volume of ex- 
hibits; and the reed was tuned by shifting its position in the clamp 
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so as to shorten or lengthen, as might be required, the free tongue 
projecting over the other pole of the magnet and thus increase or 
reduce its normal rate of vibration and raise or lower its pitch. 

359. When did you first adopt this method of adjusting 
the reed? | 

Ans. I do not know, but I made use of this method as early as 
November, 1873, in the instrument shown as Fig. 3 on page III of 
complainants’ record. 

360. You had a patent granted on some of your improve- 
ments in multiple telegraphy in April, 1875, did you not? 

Ans. I believe so. 

Cross-Q. 361. In your letter of May 4, 1875 (see page 129 of com- 

lainants’ record), and in your testimony on pages 130,131, and 
1667 132 you refer to on experiment which you proposed to make 
with the piano of Don Manuel Fenellosa, and to an experi- 
ment which you made a day or two after May 4, 1875; did you make 
that experiment with his piano and at his room ? 

Ans. I did. 

Cross-Q. 362. Will you describe that experiment exactly as you 
made it? 

Ans. My recollection of the exveriment is very vague. After 
reading my letter to Mr. Hubbard of May 4, I remember distinctly 
that I did make an experiment on one of the pianos belongi 
to the late Don Manuel Fenellosa. My recollection of the experi- 
ment, as it lies in my mind now, is substantially this: That two 
wires were carried from my study window into the adjoining build- 
ing, where Mr. Fenellcsa’s pianos were. In my study was placed 
one of my tuned interrupters and a battery, and the two wires were 
attached one to each end of one of the strings of a piano; I pre- 
sume that string that corresponded in pitch with the interru 
employed. I can only state my general recollection of the details 
of the arrangement. My expectation was that if we could pass the 
intermittent current through the proper string it would be thrown 
into audible vibration. I have a general impression that we found 
all the strings metallically connected together, but that I thought 
the experiment was worthy of trial, as it might be possible that 
the string that corresponds in pitch to the reed of the interrupter 
employed might be thrown sympathetically into vibration. 

Another experiment which I intended to try, and may, perhape, 
have tried, although I cannot recall the details now, was to have 
connected together in the same metallic circuit one of the strings of 
the piano and one of my tuned receivers (a battery to be included 
in the circuit.) I hoped that if the reed of the receiver had normally 
the same rate of vibration as the string of the piano the reed might 
be thrown into sensible vibration when the proper key of the piano 
was struck. Now that I come to think of the experiment, I have 
a dim recollection of watching a tuned receiver of some kind in my 
study, so that I am more inclined to think that this experiment 
was also tried. At all events, whatever the exact details were, I 
remember — that some experiments, in pursuance of the letter 
to Mr. Hubbard of May 4, were made with Mr. Fenellosa’s pianos. 
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In regard to the results I am not so clear. M eral impression 

is that we either obtained no results or indifferent results, but 
1668 I cannot assert this positively. My impression also further 

is that, whatever results were obtained, we thought the con- 
struction of the piano not suitable for the experiments; and I think 
the difficulty was that the strings were metallically connected 
together. 1 cannot pretend to be precise, and have done my best to 


give you my recollection of the experiment just in the vague man- 


ner it lies in my mind at present. 

Cross-. 363. Were those experiments made, or intended to be 
made, in the development of your multiple-telegraph system and 
with relation thereto? - 

Ans. They were made in pursuance of the object stated in my letter 
to Mr. Hubbard of May 4, 1875, namely, that if the experiments 
were successful “one consequence would be that the timbre of a 
sound could be transmitted.” This referred to the speaking tele- 
phone; but I do not mean to say that I had not in view also a pos- 
sible application to the multiple telegraph. The chief importance 
of the experiment was in reference to the speaking telephone. 

Cross-Q. 364. In your said letter of May 4, 1875, the last two para- 

hs, if I understand the latter, refer to two different experiments. 

said paragraphs the first, commencing “An experiment,” referred 

to the multiple telegraph ; and the second, commencing “Another 

experiment,” referred both to the multiple telegraph and to the 

speaking telephone, if I interpret your last answer correctly. Is that 
your meaning? . 

Ans. Not exactly ; the paragraph commencing “An experiment ” 
described simply an idea that I was desirous of testing, without refer- 
ence to any application, although, of course, I had in my mind the 
bearings of the experiment in reference to all my inventions, al- 
though I did not so state in my letter. 

The second paragraph, commencing “Another experiment,” re- 
ferred not only to an experiment that I was desirous of making, but 
to its application to the speaking telephone. This application was 
the prominent one in my mind, and was consequently the only one 
alluded to in my letter to Mr. Hubbard. But it must not be su 
posed that I did not bear in mind the possible —— to the 
multiple telegraph because I spoke exclusively of the application to 
the speaking * 

Cross-. 365. When you contemplated making those experiments, 
as stated in your letter of May 4, 1875, you expected that if success- 
ful the first experiment referred to in the letter would result in the 
production of a musical sound from the piano string, corresponding 

in pitch to the rate of vibration of the mterrupter ; and that 
1669 the second experiment referred to in the letter would result in 
the production of a musical tone from the receiving reed cor- 
res * in pitch to the pitch of the piano string, did you not? 
ns. Les. 

Cross-Q. 366. In your testimony on pp. 131 and 132 you state that 
you had at that same time the idea of stretching a wire parallel to 
the surface of a stretched membrane, and attaching the center of the 
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membrane to the wire. Did you ever make or test such an-appa- 
ratus as that prior to the issue of your patent of January 30, 1877 ; 
if so, when and where, and with what results? 

Ans. I did not. 

Cross-Q. 367. When did you first apply or use a stretched mem- 
— in connection — any instrament for either multiple tele- 
graph or speaking telephone purposes ? 

Ans. I first applied tt theoretically in the summer of 74, and used 
it in June, 75. : 

Cross-Q. 368. By applying it theoretically in the summer 74 you 
mean merely that you conceived the idea in the summer of 74, do 
you not’ 

Aus. I did not merely conceive the idea, for at that time I was 
making numerous experiments with loaded membranes, and spe- 
cially with the drum membrane of a human ear, with the bones at- 
tached, that demonstrated to my mind the feasibility of the concep- - 
tion. 

Ry “applying it theoretically ” I mean that I did not actually con- 
2 an electrical apparatus operated by a stretched membrane at 
that time. 

j Cross-Q. 369. And never did construct, or cause to be constructed, 

an electrical apparatus operated by or combined with a stretched 

j membrane until after June second, 1875, did you? 

> Ans. I cannot be sure. I do not think that I constructed any 

| electrical apparatus — to be operated as a speaking telephone 
te, but I cannot answer the more general ques- 
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previously to that date, 
tion put. 

Cross-. 370. Have you any recollection or impresssion of having 
constructed, or caused to be constructed, or tested, or caused to be 
tested, prior to June 2, 1875, any multiple-telegraph instrument 
operuted by a stretched membrane or combined with a stretched 
membrane? If yea, describe the instrument and the manner of its 
operation by or combination with the membrane. 

Ans. I have no distinct recollection upon the subject, but I 
1670 could not assert positively that no experiments were made 
with.ordinary musical instruments in which stretched mem- 
branes were used, such as a banjo, etc. I don’t think that any musi- 
cal apparatus was specially constructed previous to June 2, 1875, in 
which stretched membranes were employed, either for the pu 
of multiple telegraphy or for the purposes of reproducing — by 
electrical means; but my recollection does not warrant me in as- 
serting this positively. 

Cross-. 371. When did Mr. Gardiner G. Hubbard first become 
interested in your speaking telephone invention, and how ? 

Ans. Mr. Gardiner G. Hubbard was president of the Clark Insti- 
tution for the Deaf and Dumb, in which I was interested. This fact 
led to the commencement of a friendship between us, and as we be- 
came better acquainted we naturally talked upon other subjects than 
that of the education of the deaf. In October, 1874, I knew him 
sufficiently well to tell him in confidence my ideas upon the subject 
of the production and reproduction of sound by electrical means, 
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you had at that same time the idea of stretching a wire parallel to 
the surface of a stretched membrane, and attaching the center of the 
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and of the experiments that I had been carrying on for years past 
relating to the application of these ideas to multiple telegraphy. 
I did not at this time know that Mr. Hubbard was specially inter- 
ested in telegraphic matters; otherwise I should have earlier com- 
municated my ideas to him and sought his advice. In the latter 
rt of October, then, or the 1 of November, 1874, Mr. 
ubbard became interested in all my inventions concerning the 
production and reproduction of sound by electrical means, and the 
utilization of the vibrations produced at the receiving end in various ' 
—— These inventions I understood included the speaking tele- 
one. 
e At that time Mr. Hubbard expressed the opinion that if I wished 
my inventions to be of commercial value, I should devote myself to 
the development of some one point, and not spread my energies 
over too large a surface. He recommended at first the general sub- 
ject of multiple tel phy. and at a later period the icular de- 
velopment for whic received a patent in 1875—the autograph 
telegraph—and rather discouraged work upon the speaking tele- 
phone. My understanding always was that the speaking telephone 
was included in the inventions that ero to Messrs. Hubbard 
and Sanders from the autumn of 1874, but I found at a later period 
that they had not had this idea, which might account for the little ) 
encouragement I received to spend time on experiments relating to 
it. Even as lately as 1876, when the telephone was an assured suc- 
cess, Mr. Hubbard —— offered to relinquish to me all right 
and title to that invention, as he was inclined to think it was 
1671 outside our original understanding; but after a thorough 
discussion of the point between Mr. Hubbard, Mr. Sanders, 
and myself it was agreed to consider it as included. 

Cross-Q. 372. Who * the expense of having the instruments 
and experiments made between the 2d of June and end of July, 
1875, referred to in your examination-in-chief, interrogatories 
7493 

Ans. Mr. Hubbard and Mr. Sanders. 

Cross-. 373. And who paid the expense of the experiment that 
was tried a day or two after May 4, 1875, referred to in your answer 
to inte tory 64? 

Ans. There was no special expense about it. Mr. Watson lived in 
Salem and so did I, and if there was any work done it was done 
out of working hours; and probably no charge was made for Mr. 
Watson’s time. 


Adjourned to February 27th. 
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Cross-Q. 374. In my cross-question 370 I asked you, in substance, 
whether, prior to June 2, 1875, you had ever constructed or tested 
any multiple-tel 2 instrument having a stretched membrane, 
to which you replied, in substance, that you had no distinct recol- 3 
lection upon the subject, but could not assert positively; did you, “ 
prior to June 2, 1875, contemplate the use of a membrane in con- 
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nection with the vibrating reed in your multiple-telegraph instru- 
ments, or any of them? | 
Ans. I don’t think so. I had in view the possibility of using 
stretched membranes in multiple-telegraph apparatus of some kind; 
but so far as my recollection goes 1 simply had the idea of utilizing 
some of the ordinary musical instruments in which stretched mem- 
branes are used. I of course contemplated the use of a membrane 
in connection with a vibrating reed similar to that in my multiple 
6 telegraph, but not clamped so as to give it a definite pitch, for the. 
purposes of the speaking telephone as — as the summer of 1874. 

I understood your question at first to refer to the use of this com- 
bination in the multiple telegraph. It was never intended for this 
et although it might be possible to make some application of the 

ind. 

Cross-Q. 375. In your multiple-telegraph instruments, prior to 

June 2, 1875, the reeds were steel springs; why springs? 3 
| Ans. I do not know, excepting that we had arrived at steel springs 
as a convenient form by numerous experiments. 

Cross-Q. 376. That was a form which conveniently permitted of 

the vibration of the reed armature, was it not? 
1672 Ans. Isu 80. 
Cross-. 9 The attachment of the armature to a stretched 
membrane also conveniently permitted the vibration of the arma- 
ture, and, in that respect, the stretched membrane became the equiva- 
lent of the spring, did it not? 

Ans. As I understand your question, you are considering the at- 
tachment of a membrane toa tuned reed. In this case I should 
presume that the movement of the reed would be fettered by the 
membrane. If you consider the case of an unclamped reed, having 
no tendency to a particular rate of vibration, attached to a stretch 
membrane, as shown in my speaking-telephone instrument, then this 
form would conveniently permit of the vibration of the armature ; 
but the stretched membrane, instead of responding markedly to some 
one sound of particular pitch, as a tuned reed should have done, 
would vibrate well to sounds of all pitches within the limits of the 
speaking voice, and would also copy those details of vibration that 
give rise to what we call quality of sound. The stretched membrane, 
therefore, could not be considered as simply the equivalent of the 
spring. 

(In consequence of the witness not feeling well the examination is 
suspended until 2.30 p.m. At 2.30 p. m. adjourned to February 28.) 


Fesrvuarky 28, 1883. 


Cross-Q. 378. I did not inquire whether the stretched membrane 
would be simply the equivalent of the spring for the purposes re- 
ferred to, but whether the stretched membrane, as a support for the © 
armature, would not, like the spring, be an elastic su and would 
not, like the spring, allow the armature to vibrate in front of 
the poles, and in response to the electric currents on line, and, 
. extent, be equivalent to the spring as a support for the arma- 
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Ans. As I understand the question, you inquire whether, for the 
purposes of multiple telegrap y, a stretched membrane could not 
conveniently be substituted for a tuned reed, and the point of the 
question is whether the stretched membrane, being an elastic su 
port, would not allow the armature to vibrate freely in front of the 
poles and in response to the electric currents. 

Now, the trouble with the stretched membrane, for the purposes 
of multiple telegraphy, is that it would vibrate too freely in response 

to the electric currents. It will copy all sorts of vibrations 
1673 and at all rates of frequency a great deal too well for the pur- 

poses of multiple telegraphy. For such purposes we want an 
arrangement that will vibrate very freely at one particular rate, and 
very poorly, if at all, at other rates. In this respect a stretched mem- 
brane is not the equivalent of a tuned reed. 

I have been obliged to make a long answer in order that my under- 
standing of the question may be comprehended. 

Cross-Q. 379. The stretched membrane would be an elastic sup- 
port to the armature, would it not? 

Ans. Yes. 

Cross-Q. 380. And would allow the armature to vibrate in response 
to the electric currents on the line, would it not? 

Ans. Yes. 

Cross-Q. 381. If you should use one of your tuned transmitting 
reeds, such as is shown in Fig. 5 of your patent of March 7, 1876, in 
connection with a stretched membrane receiver, such as is shown in 
Fig. 7 of the same patent, and should cause the transmitting reed to 
vibrate at any given rate per second, so as to give out a note of a 
certain definite pitch, would not the membrane receiver vibrate at 
the same rate and give out a note of the same pitch in response? 

Ans. It would; but, of course, the vibration would not be so intense 
as it would be were the receiving instrument specially tuned to that 
pitch, as in the case of the tuned reed receiver shown in Figs. 5 and 
6 of the patent. 

Cross-Q. 382. And vice versa, if you should vibrate the stretched 
membrane at a certain given rate per second, corresponding to a note 
of a certain pitch, would not the tuned reed of the other instrument, 
if tuned to the same pitch, give out the same note in response to the 
currents set in motion through the line by the vibration of the mem- 
brane and its armature? ‘ 

Ans. As I understand the question, the membrane and attached 
armature are supposed by the question to be set in vibration in the 
manner specified in the patent—that is, “ by the human voice or by 
means of a musical instrument.” In the case mentioned above, then, 
a musical sound of definite pitch is supposed to be produced in the 
neighborhood of the membrane; the vibration of the air causes the 
vibration of the membrane and attached armature; electrical undu- 
lations traverse the circuit to the coils of a tuned receiver, like those 
shown in Figs. 5 and 6 of the patent. 

The question, as I understand it, is, Will the tuned reed, if nor- 

mally tuned to that pitch, respond? It will; but not to the 
1674 same extent as when a tuned transmitter (like those shown 
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in Figs. 5 and 6), worked by wind or other mechanical means, as stated 


jn the patent, is employ 


As I understand the gist of your two questions, eross- question 881 
and cross-question 382, you desire to know whether the membranc 
telephones, shown in Fig. 7 of my patent of March 7, 1876, are the 
equivalents of the tu reed instruments shown in Figs. 5 and 6, 
for the purposes of multiple telegraphy. 

They are not. It is true that a membrane telephone can be used 
for the purpose of transmitting a musical tone in the manner de- 
scribed above; it is true that it can be used for the purpose of receiv- 
ing a musical tone, but the effects produced, whether the instrument 
is used as a transmitter or receiver in transmitting and receivi 
musical tones, are so much inferior to the effects produced wi 
tuned instruments, like those shown in Figs. 5 and 6, that practi- 
cally, for the purposes of multiple telegraphy, the membrane tele- 
phones 8 no means the equivalents of the tuned reeds. 

C 383. Did you, in the spring of 1875, know of the Reis 
telephone, in which a stretched membrane transmitter is used to 
transmit musical tones or tones of a certain definite pitch? 

Ans. Yes. | 

Cross-Q. 334. Did you, in the spring of 1875, contemplate the ap- 
plication of a stretched membrane in connection with your circuit- 
interrupters, which interrupted the circuit ut certain definite times 
or rates per second, and which were a part of your multiple-telegraph 
system at that time? 

Ans. I had such application in contemplation much earlier; I 
believe in the summer or autumn of 1874. 

Cross-Q. 385. You mentioned it in your multiple-telegraph patent 
of April 6, 1875, did you not? 

Ans. I can find no reference to it in that patent. The paragraph 
at the bottom of the first column of the first page of a Patent Office 

rinted copy of my said patent, in which membranes are alluded to, 
had reference to an entirely different invention. 


Cross-Q. 386. I now put that copy in evidence as Exhibit Bell 
Patent of April 6, 1875, and ask you to describe the manner in which 
you contemplated using the membrane as referred to therein. 

Ans. The membrane was intended to open and close a local cir- 
vuit containing a Morse sounder, or “any ordinary or suitable elec- 

tro-magnetic recording or sounding instrument,” for the pur- 
1675 pose of making Morse or other signals. It had no reference 
to the production of musical tones. 

I thought that a membrane, if loose and flabby enough, could be 
used in place of the slow-moving lever, described in my patent as a 
“vibratory circuit-breaker,” to open or close a local circuit each time 
a tuned reed of one of my multiple-telegraph receiving instruments 
was thrown into forcible vibration. 

Cross-Q. 387. In one of your foregoing answers you have spoken 
of experiments which you made with a weighted membrane in 
1874; you referred to your experiments with the phonautograph, 
did you not? 
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Ans. Yee, to that, and also, or rather chiefly, to — — 


experiments made with a human ear taken from a dead suhject. 

388. You have testified in substance this morning that 
the — shown in Fig. 7 of your patent of March 7, 1876, is 
not well adapted. to the purposes of multiple telegraphy. Did you 
not, in 1875 and 1876, contemplate the employment of it for the pur- 
poses of multiple telegraphy ? 

Ans. I mcant to convey the idea in my previous answers that, 
while it might be possible to use the apparatus shown in Fig. 7 for 
the purposes of multiple telegraphy, it was not nearly so well 
— for this purpose as the tuned instruments shown in Figs. 5 
and 6. 

In regard to the last of the question: While I recognized in 
1875 and 1876 the possibility of — the apparatus for the pur- 
poses inquired about, I did not contemplate its employment in mul- 


tiple tel hy. 

— 389. Did you not, in 1875 and 1876, contemplate the em- 
ployment of the — shown in Figs. 5 and 6 of your said 
patent of March 7, 1876, for the — of transmitting and repro- 
ducing noises and sounds of any kind? 

Ans. No. 

Cross-Q. 390. In the — of said patent, in the description 
of Figs. 5 and 6, and before you came to any reference to Fig. 7, you 
used the following language: 

“Hence, by these instruments, two or more telegraphic signals or 
messages may be sent simultaneously over the same circuit without 
interfering with one another. 

* desire here to remark that there are many other uses to which 
these instruments may be put, such as the simultaneous transmis- 
sion of musical notes differing in loudness as well as in pitch, and 

the telegraphic transmission of noises or sounds of any kind.” 
1676 How do you reconcile this statement of the specification 
with your last answer? , 

Ans. The specification itself contains the explanation; immedi- 
ately following the last paragraph quoted follows the explanation 
in detail of what I meant. e first following paragraph describes 
or shows how “the simultaneous transmission of musical notes dif- 
fering in loudness as well as in pitch ” can be accomplished with the 
instruments arranged just as they are shown Figs. 5 and 6, and the 
succeedi peragrapis describe the modification of the apparatus 
that would admit of the telegraphic transmission of noises or sounds 
of any kind. In reference to this point I quote from the patent the 
paragraphs referred to. They are as follows: 

“Qne of the ways in which the armature c, Fig. 5, may be set in 
vibration has been stated above to be by wind. Another mode is 
shown in Fig. 7, whereby motion can be imparted to the armature 
by the human voice or by means of a musical instrument. 

“The armature c, Fig. 7, is fastened loosely by one extremity to 
the uncovered leg d of the electro-magnet 6, and its other extremity 
is attached to the center of a stretched membrane, a. A cone, A, is 
used to converge sound vibrations upon the membrane. When a 
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sound is uttered in the cone the membrane a is set in vibration, the 
armature c is forced to partake of ths motion, and thus electrical 
undulations are created upon the circuit Eb ef g. These undula- 
tions are similar in form to the air vibrations caused by the sound ; 
that is, they are represented graphically by similar curves. The 
undulatory current passing through the electro-magnet f influences 
its armature h to copy the motion of the armature e. A similar 
sound to that uttered into A is then heard to proceed from L.” 

Cross-Q. 391. In the passage which I quoted in my last question 
above there twice occurs the expression “these instruments; up to 
that point J had described no instruments, except those shown in 
Figs. 5 and 6, and it was in the body of the description of the instru- 
ments shown in Figs. 5 and 6 that the quoted paragraph occurs; did 
not the expression “ these instruments,” as there contained, refer to 
the instruments shown in Figs. 5 and 6? 

Ans. Yes. | 

Cross-Q. 392. In your said specification, and in one of tw 
graphs quoted by vou in answer to cross-question 390, I the 

ollowing: 

One of the ways in which the armature c, Fig. 5, may be set in 
vibration has been stated above to be by wind. Another mode is 
shown in Fig. 7, whereby motion can be imparted to the armature 
by the human voice or by means of a musical instrument.” 

I understand the meaning of the last clause of that para- 
1677 ph to be “another mode” in which the armature e, Fig. 
„may be set in vibration.” Am I correct? 


(Objected to, for the reason that the patent speaks for itself.) 


Ans. Figs. 5 and 6 do not pretend to show the full construction 
of the apparatus they illustrate, but are simply electrical di 8. 
What I meant was that an instrument, operating substantially like 
that in Fig. 5, could be converted into a membrane telephone like 
that shown in Fig. 7 by the modifications and additions described 
in the specification and quoted in my. answer to —2 — 390. 

2 * You wrote that specification yourself, did you not? 

ns. I did. 

Cross-Q. 394. As you are very skilful in the use of language, why 
did you not state in your specification that an instrument operating 
substantially like that in Fig. 5 could be “converted into” a mem- 
brane telephone like that shown in Fig. 7 by the modifications and 
additions described in the specification and —_— in your answer 
to cross-question 390, instead of describing Fig. 7 only as another 
mode in which the armature c, Fig. 5, may be set in vibration ? 

Ans. I think I did state so in substance. I wroteand rewrote the 
specification a number of times, and finally adopted that mode of 
expression that seemed to me best to explain my invention and the 
relation that one part of it bore to another. 

Cross-Q. 395. Is Fig 7 of that patent, like Figs. 5 and 6, only an 
electrical diagram ? 

Ans. Certain! 


Bo far as the reed instruments shown in Figs 5 and 4 
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6 operated to transmit and reproduce sound, did they not also oper- 
ate to reproduce the timbre of the sound ? 

Ans. The tuned reed instruments were not adapted to reproduce 
timbre. The reeds when once set in motion had a tendency: to 
vibrate after a law of their own, quite independently of the electric 
current, so that when used as receivers they selected and reinforced 
certain vibrations and not others. , 

Cross-Q. 397. Did they not in fact reproduce the timbre of th 
sound—I mean when a tuned reed transinitter and a tuned reed 
receiver were used, as in Figs. 5 and 6? 

Ans If the transmitting and receiving reeds were precisely alike 

in every — it might be possible that the character of the 
1678 motion produced in the one would be substantially similar to 

to that produced in the other, in which case the timbre of the 
musical note produced would be the same in both cases. I would 
like to understand clearly what your question means. 

Cross-Q. 398. You have just testified in substance that the tuned 
reed transmitters and receivers, arranged as shown in Figs. 5 and 6 
of your patent of March 7, 1876, were not adapted to reproducing 
the timbre of the sound transmitted; did you never, as a matter of 
— actually hear them reproduce the timbre of the sound trans- 
mitted? : 

Ans. Not as — in Figs. 5 and 6. As I have stated above, 
the reeds have a tendency to a normal rate of vibration. If, then, 
a tuned reed is solicited by the varying attraction of an electro- 
magnet to copy some other kind of vibration than that to which it 
is specially adapted, the actual vibration of the reed is, I think, the 
resultant of its own normal vibration, with the vibrations im- 

ressed upon it, and the resulting quality of sound is different 
— the sound produced by the transmitting instrument employed. 

If now we damp the receiving reed, as by pressing the ear closely 
against it, we prevent or diminish the effect of its free vibration, so 
as to leave the forced vibrations of the reed comparatively unin- 
_ fluenced. In this case the quality or timbre of the resulting sound 

closely approximates to that of the sound produced by the transmit- 
—— employed. As a matter of fact, I have heard the 
timbre of a sound reproduced very closely in this way, but not 
—.— 1 instruments are arranged with the reeds free, as in Figs. 

and 6. 

Cross-Q. 399. When did you first hear the timbre of a sound re- 
produced by the tuned receiver ? 

Ans. I think it was on the 2d of June, 1875; at all events, on 
that day I pressed the tuned reed of a receiver closely against my 
ear while Mr. Watson plucked the reed of another instrument in 
the same circuit. The two reeds were normally tuned to different 
pitches. I not only heard from the instrument at my ear a mu- 
sical tone similar in pitch to that produced by the plucked by 
Mr. Watson, but also fancied I could distinguish a reproduction of 
the peculiar character or quality of sound produced by the pluck. 


_ (Adjourned to March 1.) 
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1679 Mancn 1, 1883. 
Cross-. 400. In your English provisional ification 


printed in complainants’ exhibits, pp. and which was filed 


in land December 9, 1876, I find seven inventions or plans de- 
scribed. The description of the fourth plan contains the following 
matter, commencing near the bottom of p. 58 and ending below the 
middle of p. 60, and which 1 quote as follows: 


“Fourth Plan. 


In the plans so far described a separate instrument is employed 
for every pitch, and the electrical vibrations for different pi 
are combined upon the wire, each armature being capable of fransmit- 
ting or receiving but a single note, and thus as many te in- 
struments are required as there are messages or musical notes to 
transmit. . 

“In this fourth part of the invention a single instrument is em- 
ployed, the armature of which can be set in vibration by a musical 


instrument, or by the tones of a human voice, or by any sound what- 


ever. 

“This fourth plan is represented in figures 21, 22, and 23, wherein 
is shown a single telephone at each station in place of the transmit- 
ting and receiving instruments heretofore described, the telephones 
being illustrated separately in figures 19 and 20. 

8 One of the ways in which the armature A, figure 15, may be set 
in vibration has been stated to be by wind. Another mode is shown 
in figure 19, whereby motion can be imparted to the armature by 
the human voice, or by means of a musical instrument, or by sound 
of any kind. 

* armature A, figure 19, is fastened loosely by one extremity 
to the uncovered leg & of the electro-magnet E, and its other ex- 
tremity is attached to the center of a stretched membrane, . A 
cone, C*, is used to converge sound vibrations upon the membrane. 
When a musical note is made in the neighbo of the mem- 
brane it is set in vibration, the armature A is forced to partake of 
the motion, and thus electrical undulations are created upon the 
circuit G B E W E G'. : 

The armature A! is thus thrown into synchronous vibration with 
the armature A, emitting a musical note of similar pitch to that 
which originated the vibration of armature A. If two or more mu- 
sical notes be simultaneously sounded in the neighborhood of the 
cone O, the resultant motion of the air is copied by the membrane 
u, to which the armature A is attached, and this armature A, acting 
inductively upon the current traversing the coils of the electro- 
magnet E, occasions an increase and diminution in its intensity, and 
the armature A! is thrown into vibration by the varying attraction 
of the electro- magnet E, to which it is attached, thus im 
to the air at ui a fac-simile copy of the motion of the air that acted 
upon the n more — —ͤ— 

hic messages can be sent simultaneously along a si circuit 
— — by means of one instrument at each 
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1680 “ Instead of the cone; membrane, and armature shown in 
figure 19,a plateof thin steel may be used. The vibration of the 

plate in front of the magnet occasioned by the motion of theair during 
the production of sound changes the intensity of the current, as herein- 
before described, and occasions a similar motion in a similar steel 
plate in front of another electro-magnet at another station in the 
circuit. Such a plate is shown in figure 20, and marked A“, it bein 
attached to a frame, F. The telephones shown in figures 21 to 
are of the kind shown in figure 20. This invention is not limited; 
however, to the use of a steel plate, but includes within its scope any 
materials capable of inductive action upon a current ef electricity. 
In this plan an operator at station, figure 21, may send a —— 
message on a certain pitch, while another operator at another sta- 
tion—say figure 22—is transmitting another message on a different 
pitch, and both sounds will be audible at all the stations in the cir- 
cuit. 

“ The receiving operators will pay attention to signals of only one 
— Hence, by this plan the simultaneous transmission of a num- 

r of telegraphic messages over a single circuit in the same or both 
directions, with a single main battery for the whole circuit, and a 
single telephonic instrument at each station, is rendered possible.“ 

That description which I have quoted in my question is in 
a description of the application to the purposes of multiple teleg- 
raphy of the inventions which are shown in Figs. 5, 6, and 7 of 
your patent of March 7, 1876, is it not? 


(The quotation is objected to, for the reason that it stops in the 
middle of a paragraph. 

Respondents’ counsel replies that the question relates solely to the 
application of the — inventions to multiple telegraphy, and 
therefore the quotation stops where the description of their applica- 
tion to multiple telegraphy stops.) 


Ans. It is in part, but in part only, a description of the applica- 
tion to the —— of multiple telegraphy of the apparatus shown 
in Fig. 7 of my March 7, 76, patent, and modifications of it, but is 
specially kept distinct from instruments like those shown in Figs. 5 
and 6 of that patent. 

In order that the full scope of the fourth plan of the English pro- 
visional specification may be fully understood, I shall continue the 
quotation from where you left off to the end of the plan: 3 

Whatever sound is made in the neighborhood of any telephone 
say T e, figure 21—is echoed in fac-simile by the telephones Te of all 
the other stations. Hence this fourth plan is also adapted for the 
entire new use of trunsmitting intelligibly the exact sounds of articu- 


late speech. 


“To convey an articulate message it is only necessary for the op- 
erator to speak in the neighborhood of a telephone—say T e, figure 
21—and for the receiving operator at another instrument—suy T e, 

figure 23—to listen. 
1681 “If two persons speak simultaneously in the neighborhood 
of the same or different telephones, the utterances of the two 
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speakers are reproduced simultaneously by all the other telephones 


on the same circuit. Hence, by this plan vocal messages may be 
“transmitted simultaneously over the same circuit in the same or op- 


posite directions, with one battery for the whole circuit, and one 
telephone at each station on the line. 

“ In this plan of transmitting vocal utterances it is only necessary 
that the strength of the current should vary in intensity as the air 
varies in density during the utterance of the sound. 7 

“All the methods of producing undulating currents of electricity 
hereinbefore described may be employed in producing the undula- 
tions by which to transmit — messages. For instance, the 
vibrations of a membrane may cause a platinum wire to vibrate in 
water or other liquid of high resistance included in the circuit, and 
hence will occasion changes.in the intensity of the current travers- 
ing the circuit proportional to the changes in the density of the air 
which originally gave rise to the vibrations of the membranes, and 
hence the sounds uttered in the neighborhood of that membrane 
will be reproduced from a telephone on a distant part of the circuit.” 

401. The quotation which you have made in your answer 
relates to the telephone, and its use for transmitting and reproducing 
articulate speech, does it not? 

Ans. It relates to the use for transmitting articulate speech of the 
telephones described in your quotation. 

Cross-Q. 402. When did you first learn that Elisha Gray was 
before the U. S. Patent Office with a caveat or application for an 
electric speaking telephone? 

Ans. I do not know. My impression is that I learned this from 
the following letters, dated respectively February 21 and March 5, 
1877, received from Mr. Elisha Gray. 


(Respondents’ counsel requests that with the letters here offered 
by the witness the telegram of the witness to Mr. Gray, dated Feb- 
ruary 24, 1877; the letter of Gray to Bell, dated February 24, 1877, 
and the letter of Bell to Gray, dated March 2, 1877, completing the 
correspondence refrrred to by the witness, be also put in evidence, 
and that the whole be marked Exhibit Bell-Gray Correspondence; 
which is done accordingly, the same being copied, by consent, from 
Elisha Gray’s deposition in the Dowd case. 

Complainants’ counsel also puts in evidence, as connected with 
that correspondence, the article from the Chicago Tribune referred 
to in Mr. Bell’s telegram, and it is copied from the same deposition 
of Mr. Gray in the Dowd case (p. 149). 


1682 ExnInrr Bev.-Gray Corresronpence. C. H. S., Err. 
Gray to Bell. 
1. 4 H Aο, February 21, 1877. 
“ Professor A. G. Bell: 


“My Dear Sir: I gave a lecture in McCormick Hall, this city, 
Tuesday evening, 27th inst., on the telephone, as I have developed 
it, I also connect with Milwaukee, and have tunes telegraph- 
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ing done from there. I should like to — and exhibit your 
method of transmitting vocal sounds as well, but do not feel at liberty 
to do more without permission from you. I should explain it as 
your method, and not mine, although the office records show a de- 
scription of the talking-telegraph filed by me the same day yours 
was filed. The description is substantially the same as yours. 
was unfortunate in being an hour or two behind you. There is no 
evidence that either knew that the other was working in this direc- 
tion. 

“With our facilities I can get up an —— on a day’s notice 
that will answer. I have a copy of your last patent. Please tele- 
graph at my expense, on receipt of this, yes or no, and I will act ac- 
00 , 


ingly. 
* Yours truly, “ELISHA GRAY, 


“990 Kinsey Street, Chicago. 


*I send this care Mr. Hayes, as I do not know your address. I re- 
ceived a line from you through Mr. Baldwin, for which please ac- 
cept thanks.” 


Bell to Gray—Telegram. 
2. * Boston, February 24, 1877. 


“Elisha Gray, Western Electric M’f’g Co.: 

“If you refute in your lecture, and in the Chicago Tribune, the 
libel upon me published in that paper February sixteenth, I shall 
have no objection. Please answer. 

“A. GRAHAM BELL.” 


3. (From the Chicago Tribune, February 16, 1877.) 


“ Many of the eastern papers are favoring their readers with sketches 
of Prof. A. M. Bell, the inventor of the telephone.’ ‘Meanwhile the 
real inventor of the telephone, Mr. Elisha Gray, of Chicago, minds 
his own business, and apparently concerns himself not at all about 
the spurious claims of Prof. Bell. Persons acquainted with the sub- 
— need not be informed that Mr. Gray's claims are incontrovertible. 

ience long since recognized them. They were established in the 
columns of the Tribune years ago, hefore Prof. Bell was so much as 
heard of. They are officially in the Patent Office at Wash- 
— and they have already brought in large returns in money as 
well as in reputation to the inventor. Talking by telegraph and 

other sports of that description Mr. Gray has not paid much 
1683 attention to as yet, because there is no -present 8— in 

it of anything more than sport; but the principles involved 
in it were discussed by him, and have all been used by him in a 
practical manner.“ 


Gray to Bell. 


4. “CuicaGo, February 24, 1874. 
“ Prof. A. G. Bell. . | 88 
“Sir: Your telegram received. In answer I would say, first, that 
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Ido not know what article you refer to, but will see the paper of 
Ithat date. I have seen one or two articles lately that venture to 
assume that you are not the only man in the world who had con- 
tributed to the development of the telephone. If such assertions 
are “ libels,” then you have been libelled. So far as I know, the 
“libels” are mostly on the other side, if assertions of originality, 
etc., may be so considered. The papers here have been full of arti- 
cles of late, copied from Boston papers, claiming the whole develop- 
ment of the telephone for — t would not be if some 
one knowing the facts should speak, and in doing so may have done 
you injustice. 
“You seem to assume that I am responsible for all the ne 
articles that are not in your favor. I assert here that I have never said 
a word about you in the public prints, and I have always—even to 
the degree of offending some of my friends—defended you when -I 
have heard di ing remarks made about you. And since I made 
your acquaintance I have taken the ground that we were both in- 
dependent inventors. Now, if we are going into the refutation bus- 
iness I that it be mutual. So far as I know, there is quite as 
much ed from your side as from mine. I am always willing to 
correct any wrong done you, even although I am not responsible. 
If we undertake to follow up the newspapers we will have our hands 
full. I shall not show your apparatus, as I do not want any condi- 
tions imposed until I know what I am expected to refute. I do not 
know but that it is to deny all claim to the invention. Allow me to 
suggest that your telegram was just a little indiscreet, as it contained 
an assumption very unjust to me. 
“TI do not know your address, so I send through Mr. Hayes. 
“Yours truly, “E. GRAY. 


“P.S.—You should have sent your dispatch collect, as I requested 
it sent.” : 


Bell to Gray. 


5. “Boston University, March 2, 1877. 
“Elisha Gray, Esq., Chicago. 3 
“My Dear Sim: I was somewhat hasty, I must confess, in send- 
ing my telegram, for, of course, you are not responsible for all the 
ill-natured remarks that may appear in the newspapers concerning 
me. 
“Tam sorry that my telegram should have prevented you from 
making the experiments you desired, for it is my sincere desire to 
oblige you in any way I can. I am glad that you are willin 
1684 to do me justice, and must thank you for saying a good 
for me occasionally. I may say that it has uniformly been 
my custom to make honorable mention of your name in multiple 
telegraphy, and to give you the credit of being an independent in- 
ventor. 
“T have not ly alluded to your name in connection with 
the invention of the electric “ telephone, for we seem to attach dif- 
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ratus for transmitting the voice (which meaning is strictly in accord- 
ance with the derivation of the word), whereas you seem to use the 
term as expressive of any apparatus for the transmission of musical 
tones by the electric current. 

“TI have no knowledge of any apparatus constructed by you for 
the purpose of transmitting vocal sounds, and I trust that I have 
not been doing you an injustice. It is my sincere desire to give you 
all the credit that I feel justly belongs to you. es 

“T do not know the nature of the —— for a caveat to which 
you have referred as having been filed two hours after my applica- 
tion for a patent, excepting that it had something to do with the 
vibration of a wire in water and therefore conflicted with my 
3 My specification had been prepared months before it was 

ed, and a copy had been taken to England by a friend. I 
delayed the filing of the American patent until I could hear from 
him. At last the protests of all those interested in my invention 
deprecating further delay had their effects, and I filed my lica- 
tion without waiting for a conclusion of negotiations in England. 
It was certainly a most striking coincidence that our applications 
should have been filed on the same day. 

“I have been kept so busy during the past few days-correcting 
the examination papers of my normal school that I have been un- 
able to write. 


“In haste, yours truly, 
“ALEXANDER GRAHAM BELL.” 
Gray to Bell. 8 
4 CuicaGco, March 5, 1877. 
“ Prof. BELL. 


“My Dear Srr: I have just received yours of the second instant, 
and I freely forgive you for any feeling your telegram had aroused. 
I found the article I suppose you refer to in the personal column of 
the ‘Tribune,’ and am free to say it does you injustice. 

4] gave you full credit for the talking feature of the telephone, as 
you may have seen in the Associated Press dispatch that was sent 
to all the papers in the country, in my lecture in McCormick Hall, 
Feb. 27. ere were four different — represented at the lect- 
ure, but only one—the Tribune—alluded to my mention of you, 
— the “press” dispatch. I described your apparatus at length 

* 


“Of course you have had no means of knowing what I had done 
in the matter of transmitting vocal sounds. When, however, 

1685 you see the specification you will see that the fundamental 
— 7 are contained therein. 1 do not, however, claim 

even the it of inventing it, as I do not believe a mere descrip- 
tion of an idea that has never been reduced to practice in the strict 
sense of that phrase—should be dignified with the name invention. 


“Yours, very truly, ELISHA GRAY.” 
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tor in the United States Patent Office for the invention of the speak- 


A ing telephone? 


Ans. I think in March, 78, when the telephone interferences, were 
declared. I have already referred to the letters of Mr. Elisha Gray, 
of February 25 and March 5, 1877, in this connection. 

Cross-Q. 404. By reference to pp. 14, 15, and 16 of complainants’ 
printed exhibits, I find that on the 19th of February, 1876, five days 
after: your application for the patents of March 7, 1876, was filed, 
the following notice was sent by the Patent Office : 


“ EXAMINER’S Room, No. 118, U.S. Patent Orricx, 
WasnHinoton, D. C., Feb’y 19, 1876. 


Copy sent 
Feb. 19. 
S. R. A. 
A. G. Bell, care Pollok & Bailey, present, 
Feb. 14, 1876. 
Telegraphy : | 


In this case it is found that the Ist, 4th, and 5th clauses of claim 
relate to matters described in a pending caveat. The caveator has 
been notified to complete, and this app’n is suspended for ninety 


days as required by law. 
2 822 N Z. F. WILBOR, Er.“ 


Immediately under it I also find a printed copy of a letter from 
Pollok & Bailey to the Patent Office, acknowledging the receipt of 
the above letter; after which follow copies of certain ings in 
the Patent Office ending with the withdrawal of the suspension of 
said application in accordance with an opinion of the Commissioner 
of Patents. 

Did not those proceedings relate to your application for the patent 
of March 7, 1876, and did you not have notice of said letter signed 
by Examiner Wilbor-and dated February 19, 1876, at the time or 
im mediately thereafter ? 


(Complainants’ counsel inquires whether the notice concerning 
said caveat and the decision of the Commissioner that it should be 
withdrawn are introduced for the pu of maintaining the alle- 

gation in defendants’ answer that the Commissioner over- 
2686 looked said caveat and did not notice it; and, if not, he ob- 

jects that there is no allegation in the answer which renders 
the inquiry material or competent. 

Respondents’ counsel replies that, not having put the letter in evi- 
dence himself, he is not prepared to state for w ed ape it was put 
in, and he merely wishes to know whether Mr. knew of the 
letter at the time or thereabouts. - : 

Complainants’ counsel replies that Mr. Bell has already testified 


on that subject.) 


Ans. These ings did relate to my application for the t 
of March 7, 1876. My recollection is that the ings in " 
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Pollok & Bailey, without consultation with me, and that I merely 

knew that some interference had been declared and had been dis- 

penn without my knowing anything about the details of the pro- 
ings. : 

Cross-Q. 405. When did you first become personally acquainted 
with Mr. Elisha Gray ? 

Ans. To the best of my recollection, the first time we met was on 
Saturday or Sunday, the 24th or 25th of June, 1876, at the Centen- 
nial Exhibition, in Philadelphia. 

Cross-Q. 406. How often did you meet him during that summer 
and fall? } 

Ans. I have no recollection of having met him that summer or 
fall, excepting on one or both of the days specified above. 

407. In your English provisional ification, filed Dec. 
9, 1876, and which, among other things, describes the electric trans- 
mission and reproduction of articulate speech, you styled your in- 
vention “Improvements in electric telephony (transmitting or caus- 
ing sounds for telegraphing messages) and telephonic apparatus,” 
did you not? 

(Objected to for the reason that it does not appear whether the title 
was given by the English patent office or by Mr. Bell; and for the 
further reason that the specification states expressly in the prelimi- 
nary portion the nature of the invention, and the purposes to which 
it is to be applied.) 


Ans. It is so styled, but not by me. 

Cross-Q. 408. By your patent agents, Brandon and Morgan-Brown, 
or either of them ? 

Ans. I do not know. My impression is that when the specification 
left America its title was simply “Improvements in electric teleph- 
ony and telephonic apparatus.” I.have further recollection of 
some conversation with Mr. William Morgan-Brown, or some one 

else connected with the taking out of the ification, during 
1687 the course of which it was stated that the English patent office 

declined to accept the title without some definition of the new 
wordsemployed. In consequence of this the words “transmitting or 
causing sounds for telegraphing messages” had been interpolated. 
I presume this was done by Mr. William Morgan-Brown, or by the 
English patent office by his consent. I do not know anything defi- 
nitely about the matter Soe further than I have stated. 

Cross-Q. 409. In your United States patent of January 30, 1877, 
the application for which was filed January 15, 77, and which clearly 
describes the electrical transmission and reproduction of articulate 
speech, you styled your invention “Improvements in electric teleph- 
ony, did you not? f 

Ans. I presume so; at least I observe that whereas the title of the 
patent is stated in the heading to be “Improvement in electric teleg- 
raphy,” it is styled in the first clause of the specification “Improve- 
ments in electric telephony.” 

Cross-Q. 410. The title in the heading was given by the Patent 


sh. 


— 
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Office, and ‘the title in the specification was given by you, were they 


not? 


Ans. I presume so. 

Cross-Q. 411. In your patent of March 7, 1876, you styled your in- 
vention — in telegraphy,” did you not? 

Ans. I did. 

Cross-Q. 412. In your United States patent of January 30, 1877, 
you described a ing telephone, and then, in that part of the 
specification which is printed on p. 11 of complainants’ record, 
commencing with the words “The operation and use of this instru- 
ment are as follows,” and continuing through the next two para- 

raphs thereafter, you described how that instrument can be used 
or — — tm purposes, and with an alphabet similar to the 
Morse alphabet, did you not? 

Ans. I deseribed in my United States patent of January 30, 1877, 
an improved ſorm of the speaking telephone shown in my patent of 
March 7, 1876. In the referred to I showed that the instru- 
ment could be used for the purposes of multiple telegraphy, as stated 
in the question. This, of course, is only one of the uses specified in 
the patent, the main use being the reproduction of articulate speech. 

Cross-Q. 413. In your answer to cross-question 338, referring to 
the instrument shown in Fig. 7 of your patent of March 7, 1876, you 

state that you did not, in 1875 and 1876, contemplate the 
1688 employment of that apparatus in multiple tele y; will 

you then inform me why you inserted in your English pro- 
visional ification filed December 9, 1876, a A sem descripti 
of the application of that apparatus in multiple phy, and why 
you inserted in your United States patent of January 30, 1877, a 
specific description of the use in multiple telegraphy of your tele- 
phone instruments, with directions how to employ them in trans- 
mitting by the Morse alphabet? a 

Ans. In my answer to eroes-question 388 referred to I stated that, 
although I did not contemplate the employment of the apparatus 
shown in Fig. 7 of my March 7, 76, patent for the purposes of mul- 
tiple telegraphy, as it was not so well ada for this purpose as the 
tuned instruments shown in Figs. 5 and 6, still “ I recognized in 1875 
and 76 the possibility of using the apparatus for the purpose in- 
quired about.” The specification of my March 7, 76, patent was 
prepared by myself alone, whereas my English — specifi- 
cation and my United States patent of January 30, 1877, were pre- 
pared with the assistance of counsel skilled in patent law, and m 
impression is that it was considered advisable to state in the specifi- 
cations all the uses to which the instruments could rm be put. 
Quite independently of this the sounds produced with the improved 
telephones shown in the United States patent of January 30, 1877, 
and also described in the English provisional specification, were so 
much * — in loudness to those produced by the membrane tele- 

hones, shown in my May 7, 76, t that really there would be 
ittle — 4 in tiple — — 2 using res ere nes for 

rposes of multiple te y in the manner in the 
fications referred to. 


the pu 


Fe = 


Cross-Q. 414. Did the same counsel who assisted you in preparing 


the English provisional specification assist you in repering the 
specification of the United States patent of January 30,1877? 

Ans. I think not, excepting so far as the rough draft of the Eng: 
lish specification might have been consulted in preparing the appli- 
cation to the United States Patent Office. : 

Cross-Q. 415. What counsel assisted you in preparing the specifi- 
cation for the United States patent of January 30, 1877 ‘ 

Ans. Messrs. Pollok & Bailey, of 1 

Cross-. 416. The specification of your United States patent of 
January 30, 1877, commences with what appears to be a description 
of the state of the art so far as shown in your own prior patents and 

applications in this country. It alludes first to what was 

1689 — in your patent of April 6, 1875, and in a pending appli- 

cation. It then alludes to another pending application, after 

which it = to state what was shown and described in your 

tent of h 7, 1876, and how the apparatus operated in the fol- 
owing la nguage, to wit: 

“And in letters patent granted to me March 7, 1876, No. 174,465, 
I have shown and described a method of and apparatus for produc- 
ing musical tones by the action of undulatory currents of electricity, 
whereby a number of telegraphic signals can be sent simultaneously 
over the same circuit, in either or in both directions, and a single 
battery be used for the whole circuit. 

“In the applications and — above referred to signals are 
transmitted simultaneousiy along a single wire by the employment 
of transmitting instruments, each of which occasions a succession 
of electrical impulses differing in rate from the others, and are re- 
ceived without confusion by means of receiving instruments, each 
tuned to a pitch at which it will be put in vibration to produce its 
fundamental note by one only of the transmitting instruments. A 
separate instrument is therefore employed for every pitch, each in- 


strument being capable of transmitting or receiving but a single 


note—and thus as many separate instruments are required as there 
are messages or musical notes to be transmitted.” 

The specification then goes on to state the object of the invention 
i in the patent of January 30, 1877, which object is stated 
to be: 

“ First. The transmission simultaneously of two or more musical 
notes or telegraphic signals along a single wire, in either or both 
directions, and with a single buttery for the whole circuit, without 
the use of as many instruments as there are musical notes or Y 
signals to be transmitted. Second. The electrical transmission by the same 
means of articulate speech ona sound of every kind, whether musical or 
not. Third. The electrical transmission of musical tones, articulate 
speech, or sounds of every kind, without the necessity of using a voltaic 


The italics are my own. 
Why was it that in thus apparently attempting to distinguish be- 


tween the new and the old, as the patent law required, the united 
intelligence of yourself ad your counsel at that time succeeded in 
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re ting the March 7, 1876, patent only as a patent for multiple 
phy. and in distinguishing the new 1877 patent as being not 


only for multiple telegraphy, but for the transmission of articulate 


speech and for the transmission without a voltaic battery ? 


(Complainants’ counsel objects to the question for the reason that 
it misrepresents the references made by the second patent to the 
first patent, both in the language — in the latter part of the 
question and in the omission to quote from the second patent the 
paragraphs which particularly state the difference between the two, 

and the —— — which the latter exhibits over the former. 
1690 Respondents’ counsel objects to the objection as being 

plainly a suggestion to the witness, and leaves the correct- 
ness of his question for the judgment of the court upon an inspec- 
tion of said specification. 

Complainants’ counsel replies that the objection was neither in- 
tended nor calculated to suggest anything to the witness, but that it 
was needed in order to call the attention of the court to an assump- 
tion which complainants’ counsel conceives to be erroneous, and 
which the quotation given in the question did not afford the means 
of detecting.) 


Ans. While I cannot accept your assumption regarding the nature 
of the invention shown in my January 30, 1877, patent, still, as I do 
not profess to be a patent expert, I cannot undertake to interpret the 
meaning of the patent in accordance with the patent laws, and must 
leave this for the court todo. According to my understanding of 
the patent the invention is described in the ou have fai 
to quote, and which immediately follows the last clause you have 
given. | 

The passage I refer to is as follows: 


»In my patent, No. 174,465, dated March 7, 1876, I have shown 
as one form of transmitting instrument a stretched membrane, to 
which the armature of an electro-magnet is attached, whereby mo- 
tion can be imparted to the armature by the human voice, or by 
means of a musical instrument, or Ly sounds produced in any way. 

“In accordance with my present invention I substitute the 
membrane and armature shown in the transmitting and receivi 
instruments alluded to above a plate of irun or steel capable 
being thrown into vibration by sounds made in its neighborhood.” 


I then go on to describe the apparatus in detail, ain order that the 
nature of the invention and the manner in which it might be car- 
ried into effect might be fully and thoroughly unde , 


(Suspended to take the deposition of Mr. Alexander Mellville Bell, 
after which adjourned.) 


Marca 2, 1883. 
Cross-Q. 417. Does the quotation which you have added to your 
last answer, commencing with the words “in my patent” and end- 
ing with the word “ neighborhood,” contain any statement that the 
instruments referred to are capable of use, or are to be used, for the 
ae 2 5 A : : 
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transmission of articulate speech by electrical means? If so, will 
you please explain where it is, for I am unable to find it. 


(Objected to for the reason that the patent speaks for itself.) 


Ans. This passage does not so much relate to the use of the ap- 

ratus as to its construction. It points out the chief dif- 

1691 ferences between the speaking telephone shown in my patent 

of March 7, 1876, No. 174,465, and the improved apparatus. 

The mode of using the apparatus for the purpose inquired about is 
fully described in the specification. 

To my mind the passage referred to does indicate the use of the 
instrument as a speaking telephone by its reference to the speaking 
telephone described in my March 7, 1876, patent. 

Cross-Q. 418. It refers to the thing described in your March 7, 1876, 
patent, certainly, but where does it refer to it as a — telephone, 
or where does it state that that thing was either capable of use, or 
intended to be used, as a speaking telephone? Please point out the 
words, if there are any. 


(Same objection.) 


Ans. The “thing” described in my March 7, 76, patent, and which 
was shown in Fig. 7 of that patent, was a speaking telephone. If 
any doubt remains in the mind that the 11 to in the 
passage I quoted from my January 30, 77, patent, in my answer to 
cross- question 416, was intended also to be used for the transmission 
of articulate speech by electrical means, I beg to refer you to the rest 
of the specification, diese such use is fully indicated. 

Cross-Q. 419. Then, if I construe your answer correctly, you are 
not able to point out any words in the added quotation of your an- 
swer to cross-question 416, which related to the use of the March 7, 
1876, apparatus as a speaking telephone? 


(Same objection.) 


Ans. Of course the description of its use for this pu will be 
found in the patent of March 7, 1876. The patent of January 30, 
1877, refers back to it for information. 

Cross-Q. 420. As I read the patent of January 30, 1877, it does a 
good deal more than that. It states in plain terms that “ In letters 
patent granted to me March 7, 1876, No. 174,465, I have shown and 
described a method of and apparatus for producing musical tones by 
the action of undulatory currents of electricity, whereby a number 
of telegraphic signals can be sent simultaneously over the same cir- 
cuit in either or in both directions, and a single battery be used for 
the whole circuit. In the applications and patents above referred to 
signals are transmitted simultaneously along a single wire by the 
employment of transmitting instruments, each of which occasions a 


succession of electrical impulses differing in rate from the 


1692 others, and are received without confusion by means of re- 

ceiving instruments, each tuned toa pitch at which it will 
be put in vibration to produce its fundamental note by one only of 
the transmitting instruments. A separate instrument is therefore 
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only inquiry it purports to address to the witness calls for his opin- 


1709 
employed for every pitch, each instrument being capable of trans- 


umnitting or receiving but a single note, and thus as many 


instruments are required as there are messages or musical notes to 
be transmitted.” 

This I take to be a very explicit declaration in your 1877 patent of 
the character and use of the method and apparatus contained in your 
March 7, 1876, patent, and it certainly does not describe it as a speak- 
e ut as a multiple telegraph. I have examined your 
1877 patent carefully, and can find therein no other deseription of 
the use of the March 7, 1876, invention, but I do find a statement 


that the January 30, 1877, invention has for its object in contradis- 


2 what is — — — March 7, 1876. — ml 
st. dispensing wii use of as many instruments as are 
musical notes or telegraphic signals to be transmitted. 

2d. The transmission of articulate speech and sound of every kind, 
whether musical or not ; and, | 

3d. The transmission of such sound without a battery. 

The italics are my own. 

I inquired, in substance, in cross-question 416, why in your 1877 
patent vou distinguished the invention of March 7, 1876, from the 
the invention of January 30, 1877, by contrasting the facts— 

Ist. That the former required as many separate instruments as 
there are messages or musical notes to be transmitted, while the lat- 
ter operated without the use of as many instruments as there are 
musical notes or telegraphic signals to be transmitted. 

2d. That the former was a method of and apparatus for producing 
musical tones by the action of undulatory currents of electricity 
whereby a number of telegraphic signals can be sent simultaneously 
over the same circuit, while the latter was for the electrical trans- 
mission of articulate speech and sound of every kind whether musi- 
cal or not; and, 

3d. That in the former a single battery was used for the whole 
circuit, while in the latter the transmission took place without the 
necessity of using a voltaic battery. 

To my quotation, which contained a clear description of the use 
and purposes of the March 7, 1876, invention, you answered, in sub- 
stance, that I had not quoted the whole passage, and you added the 
matter which you say I ought to have included in my — 

I now ask you again whether, in the matter which you so 

1693 added to my quotation, you can point out one word which 
refers to the March 7, 1876, invention as a speaking —— 

from 

your 1877 patent, plainly describing it as to be used for the trans- 
mission of musical notes or signals for multiple-telegraph purposes? 


(Complainants’ counsel objects to the foregoing question on the 
ground that is a tissue of misstatements and misrepresentations of 
the contents of the 1877 and 1876 patents; that it seeks to put upon 
the record, under the guise of a question, an attempted argument 
founded on such misrepresentations and misstatements, and that the 
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ion upon the construction of the two patents which are before the 
court. i 

Respondents’ counsel says that he is not aware of any misstate- 
ment or misrepresentation made in his question; and he asks the 
court to compare it with the specification, and see whether it is 
the question or the objection that misstates and misrepresents the 
facts. 


Ans. I do not consider it my place to argue the matters discussed 
in your question, as I should necessarily be obliged to do were I to 
attempt to reply. Were I to do so I might speak all day, and, after 
all, what I would say would amount to nothing, for the patents 
speak for themselves, and the points involved in the question would 
ultimately come to the courts for decision. 

Cross-Q. 421. In your patent of January 30, 1877, the first claim 
is as follows: 

“1. The union upon and by means of an electric circuit of two 
or more instruments, constructed for operation, substantially as 
herein shown and described, so that if motion of any kind or form 
be produced in any way in the armature of any one of the said in- 
struments the armatures of all the other instruments upon the same 
circuit will be moved in like manner and form, and if such motion 
be produced in the former by sound like sound will be produced by 
the motion of the latter.” 

The invention described in that claim was sworn to by you in 
your application for the patent-of January 30, 1877, as a new in- 
vention. As you are the author of the claim and of the oath of 
invention connected with it, you are undoubtedly able to tell me 
what you meant by it. If, as you now state, the invention con- 
tained in your March 7, 1876, patent was a speaking telephone, will 
you please explain what invention you meant to cover by this first 
clsim of your 1877 patent? 

Ans. As I understand the question, the question assumes that I 

prepared the claims without the assistance and advice of 


1694 counsel skilled in a law, which is not the case. The 
y 


claim refers to the of the specification for an explana- 
tion of its meaning, and I must decline to anticipate the decision of 
the courts as to the precise interpretation to be placed upon it. 


* Cross-Q. 422. The question assumes nothing of the kind, but it 


assumes merely that when you made oath to that claim as a new 
invention you had some idea of what you were swearing to; and it 
does not call upon you to construe the claim for the court, but to 
state what that idea was; or, in other words, to state what you 
thought that claim meant when you swore to it as a new invention. 
And with this explanation I repeat the question. 

Ans. My idea is that it referred to speaking telephones con- 
structed for operation substantially as shown in the patent of Jan- 
uary 30, 1877, and to their arrangement upon an electric circuit, so 
that the character of motion of the plate armature of any one of the 
instruments should be copied by the plate armatures of all the other 
instruments on the circuit, from which it would follow, as I believe 


— 


— 
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it to be stated in the claim, that if the motion of the metallic dia- 
phragm of that instrument which was used as a transmitter should 

caused by the voice of a speaker, that the armatures of all the 
other instruments upon the circuit would reproduce the articulation 
of the speaker. This is my understanding of the claim, and is what, 
I think, is substantially shown and described in the body of the 
specification. Of course the technical construction of the claim is a 
matter for the courts to decide. 

I desire to add that I did not understand that the claim was limited 
to cases where the instruments were to be used for the purpose of re- 

roducing articulate speech. My understanding was that it was 
intended to be broad enough to include any possible use that could 
be made of the telephones described in the pater.t of January 30, 
1877, and arranged as shown, by virtue of the _— property of 
the combination, namely, that the character of the motion produced 
in any one instrument would be copied in all the others. I may be 
entirely wrong, but that was my understanding. 

Cross-. 423. Please answer the same question as to the 2nd claim 
of your patent of January 30, 1877, which reads as follows: 

“2. In a system of electric telegraphy or telephony consisting of 
transmitting and receiving instruments united upon an electric cir- 
cuit, the production in the armature of each receiving instrument of 
any given motion, by subjecting said armature to an attraction vary- 

ing in intensity, however such variation may be produced in 
1695 the magnet; and hence I claim the production of any given 

sound or sounds from the armature of the receiving instru- 
ment by subjecting said armature td an attraction varying in inten- 
sity, in such manner as to throw the armature into that form of 
vibration that characterizes the given sound or sounds.” 


(Objected to as immaterial.) 


Ans. I decidedly object to being called upon to construe the claims 
of my patents; they are understood to be explained in the body of 
the specification, and the proper construction of the claims is for the 
court to decide. I must therefore decline to answer any such ques- 
tions unless specially requested to do so by my counsel. 


(Counsel for complainants calls the witness’ attention to the ques- 
tion, which, as counsel understands it, does not ask the witness to 
state what the claim means, but asks the witness to state what he 
— it meant, or what meaning he had in his mind when it was 
made.) 


Witness continues: 

To the best of my recollection my understanding of the claim was 
that it referred to the use of the telephones described in the patent 
of January 30, 1877, as receiving instruments, and was intended to 


be broad enough to include any use that might be found for these 


instruments when employed as receivers, by virtue of the peculiar 
property believed to be possessed by the instrument, — — 
the character of the motion produced in it could be controlled by 


properly varying the attracting power of the magnet. In the body 4 
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of the specification means were shown for producing the p 
variations in the attracting power of the magnet, and my under- 
standing was that the claim was not limited to these means. 

I alsn understood that I specifically claimed the use of telephones 
substantially like those shown in that patent as receivers for the re- 
production of articulate speech, independently of the form of trans- 
mitting telephone — — 

Cross-Q. 424. And did you at the time understand the first claiin 
of the patent of January 30, 1877, as specifically claiming the use of 
telephones, substantially like those shown in that patent, as trans- 
mitters for the transmission of articulate speech, independently of 
the form of receiving telephone employed? 


(Objected to as immaterial.) 


Ans. I understood it as claiming the combination of a number of 
such telephones upon a single circuit, each one of which could be 
used either as a transmitter or a receiver. 
1696 Cross-Q. 425. Did you understand at the time that the first 
and second claims of your patent of January 30, 1877, were 
limited to the use of the telephone instruments constructed as shown 
in the drawings of that patent, and having among other things plate 
diaphragms, permanent magnets with a coil on their end nearest 
the plate, a sounding box, a speaking tube, and means for adjusting 
the electro-magnet to the diaphragm as shown, and was it your 
intent that said claim should be so understood ? 


(Same objection.) | 


Ans. My impression is that my counsel were dissatisfied with the 
meagreness of my description of the speaking telephone in my pat- 
ent of March, 7, 1876, and desired to supplement this by fully de- 
scribing and claiming in my patent of January 30, 1877, whatever 
was not specifically described and claimed in the former patent. I 
understood, therefore, that while the first claim of the patent was 
limited to the use of telephone instruments “ substantially as shown 
and described ” in the specification, that the courts would construe 
this in as liberal a way as possible consistently with the patent of 
March 7, 1876. 

Cross-Q. 426. That does not answer my question at all, which 
enumerates five elements all found in your speaking telephone as 
described and shown in your patent of, January 30, 1877, and in- 
quired whether you unde and meant the lst and 2d claims, 
respectively, of your January 30, 1877, patent to be limited to instru- 
ments and combinationsof instruments having all five of those enumer- 
ated elements specifically referred to in the question, and it seems to 
2 that you can answer this question by yes or no, without a long 

iscussion. 


(Same objection.) 
Ans. To tell the truth I really did not know how much or how 


little was —— to be covered by the claims. I presumed that 
my counsel 


— 


w what they were about in framing the claims as — 
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they were, and supposed that they had made the broadest possible 


claims for the king telephone consistently with my patent of 
March 7, 1876, that . 


t the patent law of the country would allow. I 
believed, as I have stated before, that the courts would construe the 
expression “ instruments constructed for operation substantially as 
herein shown and described ” in as liberal a manner as possible, but 
as to how many or how few of the five elements alluded to could be 
legitimately included in the expression I really did not know and 
thought the courts would decide. 

Cross-Q. 427. And as to which of the said five elements 
1697 would be included in the said two claims, or either of them, 

were you in the same ignorance at the time? 


(Same objection.) 


Ans. The elements that were specifically mentioned in the claims 
seemed to me to be the most important elements in the combination, 
namely, armatures substantially like those referred to and de- 
scribed in the body of the specification. 

Cross-Q. 428. And did you understand said claims as limited to 
that specific kind of armatures? 


(Same objection.) 


Ans. That was my understanding, so far as my recollection serves 
me. : | 
Cross-Q. 429. Do you mean an armature in plate form instead of 
in bar form ? 


(Same objection.) 


Ans. My idea was—although, of course, I may be wrong as to the 
scope of the expression—that it meant a metallic armature alone so 
arranged that it could be used in place of the armature and stretched 
membrane shown in my patent of March 7, 1876. I did not know 
whether it was limited to an armature which could be called a me- 
tallic plate, but was rather inclined to think so. The material of 
which it was to be composed was not limited to iron and steel, but 
might be of any material capable of inductive action. 


Adjourned to March 3. 4 
Marcu 3, 1883. 

Cross-Q. 430. If it was your understanding at the time that the 
armature of your January 30, 1877, patent was a plate armature of 
inductive material, instead of a bar armature of inductive material, 
and that the Ist and 2nd claims of said patent were so limited, then 
I suppose it was your understanding and intention in making the 
5th and 8th claims of that patent that said 5th and Sth claims were 
to be limited, not to a permanent magnet with a coil upon the end 
nearest to any armature, but only to a permanent magnet with a 
coil upon the end nearest to such plate armature. Am I correct? 
And, if not, please explain what your intention was in making said 
Sth and 8th claims. 


(Objected to as immaterial and not opened by the direct examina- 


tion, and because the claims speak for themselves.) 
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1698 Ans. I understand that these claims referred to the tele- 
hones shown in the patent, but as to the width or limit of 
claims I simply did not know. 

Cross-Q. 431. Did you not know whether you meant said 5th and 
8th claims to be limited to the combination of a permanent magnet 
having a coil on the end of it, with an armature in form of a plate: 
or whether you meant them to be broad enough to include such 

et and coil with any form of armature that would enable them 
to be used in the transmission and reproduction of speech ? 


(Same objection.) 


Ans. I really do not know definitely how much or how little was 
intended to be included in the scope of the claims. My impression 
is this: That it was the intention of this patent of January 30, 1877, 
to describe certain improvements that had been made in the con- 
struction of the speaking —— in my patent of March 7, 1876, 
and that the claims of the January 30 patent, therefore, so far as 
they described improvements not shown and described in the former 
patent, were applicable to the form of ap tus shown in that 
patent. I mean the patent of March 7, 1876. My impression is, 


therefore, that the claims 5 and 8 might perhaps not have been 


limited to the particular form of armature shown in the patent of 
January 30. I can, of course, give you only my crude impressions 
of the claims, without reference to what really was meant by coun- 
sel in drawing them. 

Cross-Q. 432. How happens it that you got the impression that 
the 5th and 8th claims, which specifically describe the armature as 
a plate.“ were not intended to be limited to a plate, but that the 
Ist and 2d claims, which only described it as an armature,” were 
intended to be limited to a plate ? 


(Same objection.) 


Ans. When I commenced my reply I did not notice that the word 
plate was specifically employed, and I am, therefore, doubtful as 
to the meaning of the word “plate” in the claim. In completing 
my last answer as I did I — that the plate might have been 
considered, as stated in the body of the specification, as a substitute 
for the membrane and armature of my Marel 7, 1876, patent. 

Cross-Q. 433. As an electrician, which do you regard as the more 
limited expression, “armature” or “ plate of iron or steel or other 
material capable of inductive action ? 


(Same objection.) 


1699 Ans. Ido not profess to bea skilled electrician, but I should 
think the word “ plate” had a more limited meaning than 
the word “ armature.” 

434. If we regard the word “ armature” as having its or- 
dinary and well-known meaning in the art,do you know of an 
reason why the Ist and 2d claims of your patent of January 30, 
1877, might not have been made and granted in your patent of 


“oa 
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March 7, 1876, if said last-mentioned patent described and illustrated 
un Fig. 7 a speaking telephone? 


(Same objection.) 


* What is the usual definition of the word“ armature in the 
art 

Mr. Hitt: I understand it to mean any body or piece of ma- 
terial capable of attraction or repulsion by a magnet, and so ar- 
ranged in front of the pole or poles of a magnet as to be within its 
— = force and influenced thereby, or influencing a magnet 
thereby. 

The Witness : I do not see any reason under this definition why 

the first and second claims of the patent of — “a 1877, might 
not have been made and granted in the patent of March 7, 1876, as 
applicable to the apparatus shown in Fig. 7, if it had been under- 
stuod that the armature was to be arranged substantially as shown 
in that patent of March 7, 1876. 
Cross-. 435. The old Reis telephone already referred to in cross- 
question 383 and the answer thereto was a telephone which was 
operated by the human voice, and by vocal sounds, and by sounds 
produced by musical instruments, was it not? 

Ans. I presume so. 

Cross-Q. 436. Did you ever see or test one of the Reis telephones? 

Ans. I have seen a Reis telephone, but I do not remember to have 
tested any except of my own construction. 

Cross-, 437. The Reis telephone is not capable of transmitting 
articulate speech, is it? 

Ans. Certainly not. 

438. What characteristics of sound do you understand 
the Reis telephone to transmit and reproduce? 


(Objected to as immaterial and as not opened on the direct ex- 
amination.) l 


Ans. I understand that the Reis receiver will produce a 
1700 sound whose pitch or “ frequency” corresponds to the fre- 
quency of the interruption of the current caused by the vi- 
bration of the Reis transmitter. 
Cross-Q. 439. That is, it will reproduce pitch, but not loudness or 
quality ; is that the fact ? 


(Same objection.) 


Ans. I believe so. 

Cross-Q. 440. Is any telephone apparatus which will not reproduce 
quality capable of use as a speaking telephone? 

(Same objection.) 


Ans. Certainly not. 

Cross-Q. 441. When did you begin your preparation of the speci- 
fication * patent of January 30, 1877 

Ans. I do not know. My recollection is that it was in 
le I was undergoing examination in a multiple- 
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telegraph interference, or about that time. To the best of my recol- 
lection, that was some time in January, 1877. 

442. Who paid the expenses of procuring your patent of 
March 7, 1876? 

Ans. I do not know; I presume Mr. Sanders and Mr. Hubbard. 

Cross-Q. 443. You have put in evidence, in connection with your 
deposition, various letters which between yourself and your 
parents and between yourself and Mr. Hubbard between the: year 
1873 and the year 1877; are those all the letters that passed between 
yourself and said persons within that time, and containing any ref- 
erence to your multiple-telegraph or telephone inventions? 

Ans. I do not suppose that they were all the letters that on 
these subjects, but it is my impression that they were all the letters 
that could be found after a diligent search; at least, so far as the 
speaking telephone is concerned. It is possible that letters were 
— relating to the multiple-telegraph that were not put in evi- 

ence. 

Cross-. 444. Before giving your deposition in the Dowd case in 
1879 did you make search for all such letters and turn over al] that 
you found to your counsel, Mr. Storrow and Mr. Smith ? 

Ans. I believe so. 

Cross-Q. 445. Will you produce and put in evidence all the letters 
that you turned over to Mr. Storrow and Mr. Smith that were written 
in the years 1874, 1875, and 1876, and contained any allusion to your 
multiple-telegraph or speaking-telephone inventions? 


1701 (Complainants' counsel says that if there are any such letters 
they are in his custody in Boston, and he will produce them.) 


Cross-Q. 446. Have you any other papers that were written b 
you or by your direction in the years 1874, 1875, or 1876, and which 
contain any reference to your multiple-telegraph or speaking-tele- 
phone inventions, but have not been put in evidence in this case? 

Ans. Not that I know of. 

447. Have you searched for such papers and put in evi- 
dence all that you found. 

Ans. I made such search at the time of the Dowd case, and handed 
over everything that was found to my counsel. 

Cross-Q. 448. If there were any such papers containing reference 
to either of such inventions, and which have not been put in evi- 
dence, will you produce them and put them in evidence ? 

Ans. I will produce them. 

Cross-. 449. In your patent of March 7, 1876, you stated various 
methods by which undulations may be caused in a continuous vol- 
taic current; one of them was “by alternately increasing and dimin- 
ishing the power of the battery; did you contemplating employing 
that method in connection with your invention? If so, how? 

Ans. Yes; I thought that this method might be employed in my 
invention ; in the first place, by causing the elements of the battery 
alternately to approach and recede from another, and in the second 

lace, by causing the vertical vibration of the elements of a battery 
in the liquid in which they were immersed. The mechanical means 
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by which —— — — man — be — — are — first, as 
. ,respects multiple telegraphy, Figs. 5 and 6, and as respects the speak- 
in telephone in Fig. 7. Phe part that it was desired to throw into 
vibration was to be attached in the one case to a tuned reed, and in 
the other to a stretched membrane. 

Cross-. 450. Did you ever make and test, prior to the date of your 
patent of March 7, 1876, the two forms of apparatus referred to in 

our last answer, or either of them? I mean the elements of the 

ry, combined with means for causing them to vibrate towards 

and from each other as one form; and the elements combined with 

means for vibrating them vertically in the liquid in which they were 
immersed as the other form. 

Ans. I think not. , 

Cross-Q. 451. Have you done it since the date of that patent? 
1702 Ans. Yes. 
452. Have you made and tested both forms since 
the date of the patent; and, if so, when? 

Ans. I am not sure that I tested both methods of varying the 
power of the battery, but I think I did. The experiment, as I re- 
member it, consisted in attaching to a wooden sounding board one 
or more of the plates of a battery. In one form of the experiment 
I employed a regular volta pile consisting of copper and zinc disks 
separated by moistened cloth of some kind placed between a solid 
support and a wooden sounding board. I do not remember the date 


of my experiment. 

— 5 453. What was the result of the experiment? 

Ans. I do not remember. My impression is that sounds were 
— from a telephone as a receiver placed in the same circuit 
with it. | 

Cross-Q. 454. Do you remember what kind of sounds—whether 
articulate speech or not? 

Ans. No; I do not remember. 

Cross-Q. 455. Referring to your undulatory current mentioned in 
your patent of March 7, 1876, when did you first discover means for 
utilizing that current on telegraph lines? 

Ans. In the summer of 1874, although I was not sure of it until 
the 2d of June, 1875. 

Cross-Q. 456. And that was the means which you tested and ex- 
perimenied with in June and July, 1875, was it? 

Ans. Yes. 

Cross-Q. 457. In the drawing of your patent of March 7, 1876, cer- 
tain curves are represented in Fig. 4; so far as those curves corre 
spond to curves graphically representing sound waves, do they show 
anything more than the curves of pitch and loudness? 

Ans. I do not know what you mean by “ the curves of pitch and 
loudness.” The curves in Fig. 4, so far as they relate to sound vibra- 
tions, represent the to-and-fro motion of the air during the pro- 
duction of the musica] tones considered, and they represent more 
— the movements that give rise to the sensation of pitch and 
oudness. . 
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Cross-Q. 458. Wherein do they represent more than those move- 
ments? 

Ans. In the details of the shapes of the curves. As J understand 
the matter, the amplitude of the vibration—that is, the vertical dif- 
ference between the crest and the depression—controls the loudness 
of the sound heard; the frequency of the vibration—that is, the dif- 

ference between successive crests—controls the pitch; and 
1703 the character of the vibration—that is, the character of shape 

of the curve between successive crests—controls the quality or 
timbre of the sound heard. 


Adjourned to March 5th. 
Marcu 5, 1883. 


Cross-Q. 459. Is it not physically impossible to draw a curve rep- 
senting loudness and pitch without its having some shape between 
successive crests ? 


(Objected to as immaterial, incompetent, and relating to matter 
not opened on direct examination.) | 


Ans. I suppose so. 

Cross-Q. 460. Then, if you should draw any curve with the sole 
purpose and object of representing loudness and pitch, such curve 
when drawn would necessarily have some shape or other between 
successive crests, and might afterwards be said, to that extent, to in- 
dicate to the eye more than loudness and pitch; might it not? 

(Same objection.) 

A. As I understand your questions, they refer to the details of an 
imaginary curve, without reference to the correspondence between 
this curve and the vibrations of any given sound. I should think 
that the shape of the curve would indicate to the eye unintention- 
ally more than loudness and pitch, but when you compare such 
curve with the vibration of an actual sound whose pitch and loud- 
ness alone it has been desired to note the shape of the curve be- 
tween successive crests would not necessarily have any relation to 
the shape of the curve truly representing the vibrations of the sound; 
and the quality or timbre that might have been unintentionally in- 
dicated by your suppositious curve would not necessarily have any 
relation to the actual quality or timbre of the sound. 

Cross-. 461. In Fig. 4 of your patent of March 7, 1876, were the 
curves drawn or caused to be drawn by you to represent the actual 
movements of an air particle under the influence of any specific 
sound or sounds, as — determined by you, or by any one else 
to your knowledge, or are they merely imaginary curves? 


(Same objection.) 


Ans. The curves were intended to represent the actual motion of the 
air under the influence of specificsounds. The curves were laid off from 
calculation by me when I made theoriginal drawing from which Fig. 4 

was copied. The curves A and B graphical] represent the 
1704 actual movements of an air particle: under the influence of 


1719 


two musical tones having the same amplitude of vibration and 
simple in quality, differing only in frequency or pitch. In other 
words, they represent the form of vibration of two musical tones 
— in quality, equal in magnitude, but different in pitch. 

e curve A represents the movement of the air particle under 
the influence of that one of these sounds highest in pitch ; the curve 
B, the movements due to the other, and the curve A + B represents 
os the actual motion of the air particle under the influence 

f those two sounds acting simultaneously. This resultant curve 
was obtained by adding together the curves A and B. The curve 
A + B is thus the algebraic sum of the curves A and B, and repre- 
sents the resultant motion of the air particle under the influence of 
these two sounds acting simultaneously. 

The phrase the curve A X B. Fig. 4,” in the body of the i- 
fication, should, of course, be A + B, as in the drawing Fig. 4. 

Cross-Q. 462. That does not quite answer my question, which I 
will 7 7 make clearer. Did you actually determine by experi- 
ment the exact movement of a particle of air under the influence 
of any specific sound, and lay off such movement in the curve A 
or the curve B, or did you copy either of said curves from curves 
laid off by anybody else by actual experimental determination, or 
did you merely draw them at random? 


(Same objection.) 


Ans. The character of such movements as those shown in the 
first two lines uf Fig. 4, A and B, had been fully determined by 
others, and the method of graphically representing them and of 
combining them into a resultant, as shown in the drawings, Fig. 4, 
was well known in the state of the art at the time. 

The curve to be used for such sounds as are represented by A and 
B was well known as the simple sinusoid, and I drew simple sinu- 
soids for them, which I intended to be substantial, but which are 
probably not mathematical reproductions. 

Cross-Q. 463. As the curves A and B of Fig. 4 both represented 
simple sound vibrations of equal amplitude they did not represent 
the difference between fundamental tones and overtones, did they ? 


(Same objection.) 


Ans. No; they represented simple tones. 
Cross-Q. 464. In your specification of the March 7, 1876, 
1705 patent, as printed in the record and paged at the bottom, the 
description of these curves is contained on pp. 3 and 4, which 
would correspond to pp. 57 and 58 at the top; is there anything in 
tnat description which refers to the difference between fundamental 
tones and overtones; if so, what? 


(Same objection.) 
Ans. The reference is to motions represented by sinusoidal curves 
and by the resultant or algebraic sum of sinusoidal curves. 


When a composite sound is said to be compused of fundamental 
and overtones I understand that the composite curve representing 
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raphically the vibration of the sound can be split up into a num- 
— of simple sinusoidal curves corresponding to simple tones of the 
same pitches as those you have called fundamental and overtones. 
A composite vibration is the resultant or algebraic sum of the simple 
sinusoidal curves representing the fundamental and overtones. 
Cross-Q. 465. In said specification said two pages contain a very 
clear description of how two simple vibrations of different pitch can 
be transmitted on the same wire at the same time, but does the 
specification contain any description or statement of how the modi- 
fication of the fundamental tone by overtones controls the quality 
of the resultant sound ? 


(Same objection.) 


Ans. It was well known at the time of the specification that the 
modification of a fundamental tone by overtones controls the quality 
of the resultant sound. This is not referred to in specific terms in 
the patent, but with a knowledge of the state of the art it will be 
understood that when in the patent I speak of controlling the shape 
or form of a vibration that this implies controlling the quality of 
the resultant sound. , 

Cross-Q. 466. Near the bottom of the second page of the specifi- 
cation of your patent of March 7, 1876, you set forth the advantages 
which you claim to derive from the use of an undulatory current ; 
you did not state among those advantages that you could transmit 
quality or timbre of sound, or transmit articulate speech, did you? 


(Objected to as above, and also because the passage referred to 
speaks for itself.) 


Ans. At the bottom of the second page I set forth some of the 
advantages I claimed to derive from its use in multiple telegraphy. 
In other — of the specification I stated in substance that by its 
use I could transmit quality or timbre of sound and transmit ar- 
ticulate speech. : 

Jross-Q. 467. I do not find the words“ quality,” timbre,” or 
1706 “articulate speech” in the specificition or claim. If you 
meant quality, timbre, or articulate : h, why did you not 

say so, as you afterwards did in your Engli.h patent of 1877? 


(Same objection.) 


Ans. I did say so, in substance. 
Cross-Q. 468. Do you mean on page 7 of the specification, as printed 
in the record? 


(Same objection.) 


Ans. 8 
Cross-. 469. You state, in answer to cross-question 466, that at 
the bottom of the second page you set forth “some” of the ad van- 
you claimed to derive from the use of the undulatory current 
in “multiple telegraphy; as I read the passage to which you refer 
there is no expression limiting it to some of the advantages, but it 
appears to include all the advantages you claim, and there is no 
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_ specific reference to multiple tel hy as distinguished from any- 
hing else. If you find any ou tal 
will you please point them out? 


(Objected to as above, and also because the question misstates the 
meaning and scope of the patent and of the passage particularly 
referred to.) 


Ans. The passage referred to specifically describes the advantages 
claimed to be derived from the undulatory current as a substitute 
for the intermittent current described in my former patents, all of 
which had reference to multiple telegraphy alone. In another por- 
tion of the specification I specifically state that there are other uses. 
bin passage I refer to will be found at the foot of page 6, and is as 

ollows: 

“T desire here to remark that there are many other uses to which 
these instruments may be put, such as the simultaneous transmission 
of musical notes, differing in loudness as well as in pitch, and the 
telegraphic transmission of noises or sounds of any kind.” 

Cross-Q. 470. The passage on p. 6 is explained by its context and 
especially by the sentence im mediately preceding the one you quoted, 
and it does not refer to the advantages of the undulatory current, but 
to the uses to which certain described instruments may be put. The 
passage on p. 2, to which I referred in my question, commencing 
with the words “the advantages I claim to derive from the use of an 
undulatory current in place of a merely intermittent one are” and 
ending with the word “ unnecessary ” contains no limitations to some 
advantages, so far as I can see. If it does, will you point it out’ 


(Same objection.) 


1707 Ans. I do not know, of course, how the courts may construe © 


these „but I know that, in reference to the paragraph 
at the foot of p. 6, I intended that it should have been explained by 
the passages that succeeded it; that is, the passage commencing 
“When the armature C, Fig. 5,” etc., down to “A similar sound to 
that uttered into A is then heard to proceed from L.” 

In regard to the passage on p. 2, I intended to refer to the advan- 
tuges of the undulatory current for only one use, namely, for the use 
to which I had put the intermittent current in my former patent, 
referred to in the specification ; that is, multiple telegraphy. 

It is hardly necessary to repeat that I never proposed to transmit 
articulate speech by an intermittent current ; hence this use of the 
undulatory current was excluded from the paragraph on p. 2 and 
— in the other part of the specification to which I have 
alluded. : 

Cross-Q. 471. And it is because you never proposed to transmit 
articulate speech by an intermittent current that I should expect 
you, in setting forth the advantages of an undulatory current over 
an intermittent current, to mention that which is, by far, the great- 
est advantage of all, to wit, its capacity for transmitting and repro- 
ducing articulate speech. Have you now given all the reasons why 


iting expressions in the passage | 
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you did not do so, while professing to set forth all the advantages of 
one current as distinguished from those of the other? 


(Complainants’ counsel objects as above, and also objects to a line 
of examination which consists in picking out isolated passages and 
attempting to force upon them a meaning which they do not neces- 
sarily and naturally bear by themselves, and which is forbidden by 
the context. 

Respondents’ counsel leaves it for tne court to judge whether they 
have the meaning he has imputed to them or not, and asks its care- 
ful attention to the point.) 


Ans. As I understand the question, it assumes that I have not, in 
the specification, set forth the capacity of the undulatory current for 
transmitting and reproducing articulate speech. This is not so. I 
must refer you again to the passage at the foot of p. 6, commencing 
“I desire here to remark,” etc., and ending on p.7 with the words 
— — sound to that uttered into A is then heard to proceed 

mL.“ 

Cross-. 472. I call your attention to an extract from a paper read 
by you October 31, 1877, before the Society of Telegraph Engineers 

in London, England, entitled “ Researches in Electric Te- 
1708 lephony,” said extract commencing with the words It oc- 

curred to me” and ending with the words “ distinctly audible 
effects,” and being as follows: 

“It occurred to me that if a membrane as thin as tissue paper 
could control the vibrations of bones that were, compared to it, of 
immense 3ize and weight, why should not a larger and thicker mem- 
brane be able to vibrate a piece of iron in front of an electro-magnet, 
in which case the complication of steel rods shown in my first form of 
telephone, figure 19, could be done away with, and a single piece of 
iron attached to a membrane be placed at either end of the tele- 
graphic circuit. 

Figure 22 shows the form of apparatus that I was then employ- 
ing for producing undulatory currents of electricity for the purposes 
of multiple telegraphy. A steel rod, A, was clamped firmly by one 
extremity to the uncovered leg h of an electro-magnet, E, and the 
free end of the reed projected above the covered leg. When the reed 
A was vibrated in any mechanical way the battery current was 
thrown into waves, and electrical undulations traversed the circuit 
B E W E, throwing into vibration the corresponding reed A! at 
the other end of the circuit. I immediately proceeded to put my 
idea to the test of practical experiment, and for this purpose I at- 


A’ 


Fig. 22. 


tached the reed A, figure 23, loosely by one extremity to the un- 
covered pole h of the magnet, and fastened the other extremity to 
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the center of a stretched membrane of gold-beater’s skin, n. I pre- 
_ sumed that — speaking in the neighborhood of the membrane n 
it would be thrown into vibration, and cause the steel rod A to move 
in a similar manner, occasioning undulations in the electrical cur- 


Fig. 23. 


rent that would correspond to the changes in the density of the air 
during the production of the sound ; and I further thought that the 
- Change of the intensity of the current at the receiving end would 
cause the magnet there to attract the reed A! in such a manner that 
it should copy the motion of the reed A, in which case its move- 
ments would occasion sound from the membrane ul similar in timbre 
to that which had occasioned the original vibration. 
1709 “The results, however, were unsatisfactory and discourag- 
ing. My friend, Mr. Thomas A.Watson, who assisted me, in his 
first experiment declared that he heard a faint sound proceed from 
the telephone at his end of the circuit, but I was unable to verify his 
assertion. After many experiments, attended by the same only par- 
tially successful results, I — to reduce the size and weight 
of the spring as much as possible. For this purpose I glued a piece 
of clock-spring, about the size and shape of my thumb nail, firmly 
to the center of the diaphragm, and had a similar instrument at the 
other end; we were then enabled to obtain distinctly audible effects.” 


I also call your attention to Mr. Thomas A. Watson’s testimony, 
answers to cross-question 226 to cross-question 233, inclusive, which 
are as follows: 


“Cross-int. 226. To the best of your recollection how long, after 
March 10, 1876, was it that you first heard spoken words success- 
fully transmitted over that magneto instrument? 

1 To the best of my recollection during March or April, 

Cross- int. 227. That instrument had a membrane diaphragm, I 
su had it not? 

Ans. I think it had. 

“Cross-int. 228. Describe the armature, its size, shape, material, 
and manner of attachment to the diaphragm in that instrument. 

“Ans. All that I can remember about it is that it consisted of a 
— of clock · spring shellacked to the membrane. I do not remem- 

the dimensions at all. 

4 Cross- int 229. Was that the first magneto instrument which had 
a metal armature attached to and supported only by the diaphragm? 

“Ans. It was the first I remember. 

“Croes-int. 230. Who made that instrument and when? 

_ 22-1047 | | 
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“Ans. I think I did, just before it was tested. 

“ Cross-int. 231. It was made after March 10, 1876, was it not? 

“Ans. According to my recollection. 

“Cross-int. 232. Did you ever see the instruments which Mr. Bell 
made or had made in 1875, which are represented in Fig. 7 of his 
first patent? 

“Ans. I consider Fig. 7 a diagram of the instruments I made for 
him in June and July, 1875. 6 

„Cross-int. 233. In that part of Professor Bell’s London lecture 
which I have just put in evidence he refers to an apparatus which 
he tried, and which he illustrates by Figs. 22 and 23, and concern- 
ing which he then proceeds to make the — statement, to wit: 

“The results, however, were unsatisfactory and discouraging. My 
friend, Mr. Thomas A. Watson, who assisted me, in his first experi- 
ment declared that he heard a faint sound proceed from the tele- 
phone at his end of the circuit, but I was unable to verify his asser- 
tion. After many experiments, attended by the same only partially 
successful results, I determined to reduce the size and weight of the 
spring as much as ible. For this purpose I glued a piece of 

clock-spring, about the size and shape of my thumb nail, 
1710 firmly to the center of the diaphragm, and had a similar in- 

strument at the other end; we were then enabled to obtain 
distinctly audible effects. 

“T vs — that the instrument here referred to by Mr. Bell after 
he had glued the piece of clock-spring, about the size and shape of 
his thumb nail, firmly to the center of the diaph „and with 
which he was then able to obtain distinctly audible effects, was the 
same instrument to which you referred this morning as having been 
made in March or April, 1876, and after March 10, and through 
which you, for the first time, heard and understood words trans- 
mitted through a magneto-transmitter, was it not? 

“Ans. I don’t actually know, but am inclined to think so.” 


How does your recollection of the time when you first made that 
experiment with the piece of clock-spring, about the size and shape 
of your thumb nail, glued firmly to the center of the diaphragm, 
compare with Mr. Watson’s recollection of the time? 

Ans. My recollection agrees with his. 

Cross-Q. 473. Referring again to your patent of March 7, 1876, I 
find on page 2 of the specification thereof (Record, page 56) reference 
to a pending — for letters patent filed in the United States 
— ce ebruary 25, 1875 ; has that been patented, or is it still 
pending! 

Ans. I think it has not' been patented, but I am not quite sure. 

Cross-Q. 474. Is that for a multiple telegraph? 

Ans. Les. 

Cross-Q. 475. And is that invention incapable of transmitting ar- 
ticulate speech ? 

Ans. Certainly. 
Cross-Q. 476. In that invention the intensity of the current is 
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alternately increased and diminished without actually breaking the 
circuit, is it not? 


* Ans. In one form of the invention it is. 


Cross-Q. 477. Then the fact that the current is alternately increased 
and diminished in intensity, without actually breaking the circuit, 
is not a fact which distinguishes a ing telephone from other 
contrivances that are not speaking telephones, is it? 


(Same objection.) 


* — It is not the mere — — — es — er 
of the variations in intensity that distinguishes a i ephone. 
Cross-Q. 478. What characteristic of the current is 11 that distin- 
guishes the speaking telephone from all other contrivances in which 
a current is used that is alternately increased and diminished in in- 
tensity without actually breaking the circuit? 

(Same objection.) 


1711 Ans. The characteristic is that the electrical undulations 
are similar in form to the vibrations of the air accompanying 
the utterances of a speaker, or accompanying the production of any 
sound that it is desired to reproduce by 2 
Cross-. 479. What do you mean by similar in form?” 


(Same objection.) 


Ans. That the undulations, if represented graphically, would be 
represented by similar curves. 

Cross-Q. 480 Two exactly similar sounds must always be repre- 
sented by exactly similar curves, must they not? 


(Same objection.) 


Ans. I would rather say that two exactly similar curves would 
represent two exactly similar sounds. 

Cross- 481. And if you employ a current of electricity to trans- 
mit on a wire and reproduce either of those sounds by any possible 
means whatever, the curves representing the undulations of the cur- 
rent must necessarily correspond to the curves of the sound waves, 
must they not? 


(Same objection.) 


Ans. That is my belief. 

Cross-Q. 482. How does that differ from a law of nature—the nec- 
essary result of the laws of matter? 

— — counsel makes the same objection, and inquires if 
respondents’ counsel proposes to submit ‘questions of that kind for 
the opinion of the witness. 

dents’ counsel says that he wants the light which this 
eminently qualified witness may be able to give upon the question. 

Complainants’ counsel replies that the examination of this witness 
u uestions of law, which are for the court, or upon questions 
w — Sencins eneeatinen thie law of the case, is a mere 
waste of time.) : 


aa 
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Ans. I really do not know how to answer your question. The 


combination of instrumentalities necessary to produce the effect does 
not, so far as I know, naturally exist. 


(Adjourned to March 6th.) 
Marcu 6, 1883. 


Cross-Q. 483. When you made the experiment of June 2, 1875, 
who was present beside yourself and Mr. Watson, if any one? 
Ans. Only Mr. Watson was present. 
1712 Cross-Q. 484. Who, beside yourself and Mr. Watson, wit- 
nessed any of your experiments in June and July, 1875, re- 
lating to the transmission of intelligence by electrical means ? 

Ans. I don’t remember. : 

Cross-Q..485. Did you exhibit any of those experiments to Mr. 
Hubbard or Mr. Sanders? 

Ans. I presume I must have done so. 

Cross-Q. 486. Mr. Hubbard was examined as a witness for the 
complainants in June, 1879, in the case of the Bell Telephone Com- 

y etal. vs. Peter A. Dowd, which we have generally called the 
wd case, and which was then pending in the United States circuit 
court for the district of Massachusetts, was he not? 

Ans. Yes. ; | 

Cross-Q. 487. In the deposition which he there gave he testified, in 
answer to interrogatory 7, as follows, did he not? 

“Interrogatory 7. What did he (meaning you) say about speakin 
or singing in the vicinity of one of these harps and the effect o 
such action ? 

“Ans. He had a good deal to say in the spring and summer of 
1875 in regard to the sound waves produced by two musical instru- 
ments attached at opposite ends of the wire, and the ability by 
playing on one to produce the corresponding note in the other, and 
the possibility of causing a — word to be transmitted, but, as I 
had no knowledge of or ear for music and no belief in his ability 
to transmit voca h, I did not fully comprehend his ideas, or 
rather the mechanism by which he ——— to produce his results. 
Mr. Bell, at my request, was in the habit from time to time of writ- 
ing letters to me recording the progress that he had made that I 
might have the knowledge of what he was doing and evidence to 
use, if it should be required, as I believed hig inventions would be 
of very great pecuniary value, and therefore probably liti „and, 
by reference to these letters, I have refreshed my recollection of 
9 8 : 

ns. I find the — ou have quoted in his deposition as 
printed in the Dowd case. i have no — what hie testimony 
was except from reading that. 

Cross- U. 488. Have you, within the last three or four years, caused 
any search to be made among Mr. Hubbard’s papers for the letters 
to which he refers in that answer? I mean the letters which you 
were in the habit of writing to Mr. Hubbard regarding the progress 


which you made. 


Ans. At the time of the Dowd suit I requested that such search 
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should be made. I believe that it was made, and I believe that all 
the letters found were placed in the hands of my counsel. 
489. Mr. Hubbard, in his said deposition in the 
1713 Dowd case, was then examined by complainants’ counsel in 
interrogatories 8 and 9, with reference to certain letters from 
ourself to him, dated, respectively, May, 4, 1875; June 2, 1875; 
une 28, 1875; July 1, 1875; July 7, 1875; August 14, 1875; Sep- 
tember 28, 1875; after which, in answer to interrogatories 10, 11, 
and 12, he testified as folluws, did he not? 

“Int. 10. All the letters dated at Salem refer to certain apparatus 
which the writer says he was using or experimenting with at Salem 
or Boston. Did you see any of the apparatus referred to in each 
of those letters, respectively; and, if so, when and where for the 
first time? 

“Ans. I made an arrangement with Mr. Charles Williams, Jr., 
manufacturer of electrical instruments, by which he furnished ma- 
chinery and one of his workmen, Mr. Watson, to make such instru- 
ments as Mr. Bell requested. I wasin the habit of going very fre- 

uently to Mr. Williams’ shop to see what was going on, and believe 
that I there saw the various instruments, as well as many others, 
described in these letters. I was more particular to see the things 
described in the letters, as they were supposed to be of the most im- 
portance, and should have noticed if there was any omission of the 
things described in the letters. Mostof them I have a distant rec- 
ollection of. On further reflection, I think Mr. Bell may have made 
the first arrangement with Mr. Williams. 

“Int. 11. Do you remember any apparatus or experiment made 
at the time of those letters in which a sound was made on the re- 
ceiving instrument 4 with the finger or by any other 
mechanical means a on the transmitting instrument? If so, 
state whether you saw such an exhibition more than once. 

“Ans. I recollect distinctly what Mr. Bell calls the steel reed de- 
scribed in his letter of July 7, 1875, plucking it by the finger and 
listening to the corresponding instrument vibrating, and think he 
had a bellows there which he operated, but am not so confident as 
to the bellows. 

“Int. 12. Whether or not you remember, during the period of 
these letters, seeing Mr. Bell have an apparatus in which the reed 
was attached to a membrane; and, if so, how was the membrane to 
be moved or vibrated? | 

“Ans. I remember distinctly two instruments, to each of which 
a membrane was attached, and think a reed was fastened to the 
membranes, but I am not certain, and that he undertook to 
to one membrane while Mr. Watson or myself was to hear at the 
other instrument. The instruments were so arranged that the 
membranes could be stretched till they were quite tight, like a small 
drum-head ; I could hear a sound, but could never distinguish any 
spoken words.” Ba 

Ans. I find it so printed in said deposition. 

Cross-Q. 490. Will you please put in evidence a copy of the caveat 
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which you pre in the fall of 1874, as stated in your answer to 
cross-question 344, but did not file? 

Ans. I will, or so much of it as can be found. The text of all 
that I could find and several of the drawings were printed in the 
Dowd case. 


1714 (By consent a copy is made from the Dowd case and put 
in evidence herein as Exhibit Bell Caveat of 1874.) 


Cross-Q. 491. You have referred .in your deposition to a caveat 
filed on the same day with the filing of your application for the 
patent of March 7, 1876. In the printed record of the Dowd case, 
pp. 682-691, I find a copy of a caveat filed by Elisha Gray, Febru- 

14, 1876, and of the record of proceedings in the Patént Office 
ting thereto. Do you understand that to be the caveat on ac- 
count of which your application was temporarily suspended, as 
referred to in cross-question 404? 
Ans. Yes, sir. 


(By consent a copy of the caveat and its file and contents is made 
from the record of the Dowd case, and put in evidence as Exhibit 
Gray’s Caveat.) 


Cross-Q. 492. Complainants’ Exhibit No. 25, Bell’s Toronto Draw- 
ing, printed oppposite page 32 of the complainants’ exhibits in this 
case, contains certain sketches, three in number. Under one of 
them are the words “Present form of multiple telegraph. One 
main battery. Closed circuit. Communication in both directions 
without induction coils. Patents not yet applied for. A. G. B.“ 

Under another of them are the words “ Discovery that led to the 
above form of the multiple telegraph.” 

And under another are the words First attempt to transmit the 
human voice. The varying pitch of the voice could be descrimi- 
nated, but not the —— A sort of muttering effect was perceived 
at 94 receiving end when a person talked very loudly at the other 
end.“ 

On the original r here referred to in whose handwriting are 
the words that I iene quoted from it? ts 

Ans. In my handwriting. 

Cross-Q. 493. If I understand your testimony correctly, that paper 
was made by you at Toronto, Canada, December 28, 1875, to show to 
Hon. George Brown, whom you were endeavoring at that time to 
induce to become interested with you in procuring an English pat- 
ent on your invention, and to furnish capital therefor. my un- 
standing correct ? 

Ans. Yes; I expected him to take out other foreign patents as 
well as English. 

494. On that paper the sketch immediately over the 
words “ first attempt,” etc., bears a striking resemblance to Fig. 7 of 
your patent of March 7, 1876; was the sketch made asa copy of 

that figure or was the figure in the 2 a copy of the 
1715 sketch? Or were the figure and the sketch made independ- 
ently of each other to represent the same idea in your mind? 
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Ans. Both this sketch and Fig. 7 of the patent were intended to 


2 the form of speaking telephone at which I had then ar- 
"rived. 


Cross-Q. 495. Were the drawings of your patent of March 7, 1876, 
made before or after December 28, 1875? 

Ans. The original sketches, of which the drawings in the patent 
are — were made before that time. I do not know when the 
— tsman's drawings were made, — — that it was between the 
middle of December, 1875, and the middle of January, 1876. 

Cross-Q. 496. On pp. 159 and 160 of complainants’ record you 
have testified in regard to the exhibition of your instruments at the 
Centennial. One of the instruments which you exhibited there 
consisted, as you state, of a metallic ring —— horizontally, 
carrying a stretched membrane, to the center of which was ſastened 
either a platinum wire or thin rod of carbon, you forget which, dip- 
ping into a little cup containing acidulated water; why did you 
acidulate the water ? 

Ans. To improve its conducting —＋ 

Cross-Q. 497. Did you ever try that instrument with water not 
acidulated? 

Ans. I cannot be sure that I tried that icular instrument, but 
I tried instruments exactly similar to it with plain water. 

Cross-Q. 498. How did the results with plain water differ from 
the results with acidulated water? 

Ans. In my r read before the American Academy of Arts 
and Sciences, on the 10th of May, 1876, I described the difference 
of effect, in paragraph 13, as follows: 

“A platinum wire attached to a stretched membrane completed a 
voltaic circuit by dipping into water. Upon speaking to the mem- 
brane articulate sounds proceeded from the telephone in a distant 
room. The sounds produced by the telephone became louder when 
dilute sulphuric acid, or a saturated solution of salt, was substituted 
for the water. Audible effects wére also produced by the vibration 
of plumbago in mercury, in a solution of bichromate of potash, in 
salt and water, in dilute sulphuric acid, and in pure water.” 

Cross-Q. 499. Can you state on what days your telephone was ex- 
hibited in operation at the Centennial Exhibition ? 

Ans. I exhibited it on Sunday, the 25th of June, 1876, as stated 
in my 134th answer, p. 160. I should think there were from fift 
to one hundred people present. Mr. William H. Hubbard was with 

me on that occasion ; the judges wantéd some further exhibi- 

1716 tion, and I could not remain on account of professional en- 

ments, and he remained at my request as a favor to me. 

He assisted the judges in operating the instruments during the fol- 
lowing week in the Judges’ hall. 

Cross-Q. 500. Then you do not know whether those instruments 
were on exhibition at the Centennial after that week, and in such 
manner that the general public who visited the Centennial had the 
same opportunity. to see them that they had to see other machinery 
that was there on exhibition? 
Ans. My recollection is that they remained there until the close 
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of the exhibition. I have always understood that after the experi- 
ments made by the judges during the week referred to in the ques- 
tion the instruments were restored to their original place, and so re- 
mained till the close of the exhibition, as accessible to the public as 
any other exhibit in the building. I was not there personally after 
June 25th. 

Cross-Q. 501. With which of the instruments tested at the Cen- 
tennial did you get the best results there ? 

Ans. I do not know. I chiefly did the transmitting myself, ahd 
— — know what passed at the receiving end at that time except 

earsay. 
rss. G 502. How long were the lines on which you tested the 
instruments at the Centennial? 

Ans. I do not know. The line extended from one part of the 
building to another, and the transmitting and receiving ends were 
sufficiently far apart to prevent the possibility of the speaker’s voice 
being directly heard at the receiving end through the air. 

Cross-Q. 503. In, what building was this ? 

Ans. I would not undertake to state further than that it was in 
some gallery of—I presume—the main building. 7 

Cross-Q. 504. Was there a battery used in the line in all those ex- 
periments at the Centennial? 7 

Ans. In all that I had anything to do with. 

Cross-Q. 505. You sent some of those instruments, or gave some 
of them, to Sir William Thomson, did you not? 

Ans. No. 

Cross-Q. 506. When did you give an instrument to Sir William 
Thomson ? 

Ans. It must have been about the end of July or early in August, 
when he was in Boston. He came from Canada to Harvard College 
in Cambridge and sent for me, as the experiments he had tried with 

my telephones at Philadelphia had interested him so much 
1717 that he desired to know something more of the speaking tele- 

phone. I showed him instruments that had been constructed 
for the purposes of an experiment which it had been proposed to 
make between Boston and Philadelphia, and I gave him some of 
these instruments. . 

Cross-Q. 507. Have you ever learned that he took those instru- 
ments which you gave him to England, and in a public exhibition 
or lecture there endeavored to transmit articulate speech through 
them, but could not succeed in doing it? 

Ans. I have seen newspaper accounts of the lecture that he gave, 
but I never saw that stated. 

Cross-Q. 508. Did you ever see the evidence, or a report of the 
evidence, that was submitted in the case of The United Telephone 
Company (Limited) ve. Alexander McLean, at Edinburg, in 1882; 
— if 80, was not that fact testified to by Sir William Thomson in 
that suit! 


(Objected to as immaterial and incompetent.) 
Ans. I have not seen the evidence. 
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Cross-Q. 509. Did you never receive any communication from Sir 
William Thomson after he returned to England, stating the fact that 


he had failed there to get the instruments which you gave him to 


transmit articulate speech ? 
(Same objection.) 


Ans. I have no recollection of any such communication. I have 
the impression that I received from some person, probably from Sir 
William Thomson, a copy of his address before the British Associa- 
tion for the Advancement of Science, but I have no recollection of 
any statement having been made as to any experiments whatever 
being made at the British association. My recollection is that the 
instruments that I had given him were simply shown to the mem- 
bers of the association. Of course I may be wrong, as I was not 
there. I simply give the impression that has been left upon my 
mind by any descriptions I may have seen of what passed upon that 
occasion. 

Cross-Q. 510. I find a portion of Sir William Thomson’s address 
at the Glasgow meeting of the British association in August, 1876, 
printed on pp. 239 and 240 of complainants’ record in this case, with 
the following statement at the bottom of p. 240, to wit: 


“A description of the electric speaking telephone with wood cuts 
of the apparatus given by Prof. Bell to Sir William Thomson, and 
the foregoing extracts from Sir William Thomson’s address to the 
British association and reprinted in the Scientific American 
1718 supplement, February 10, 1877. These publications attributed 
the invention to Prof. Bell exclusively. The drawings in 
engineering are as follows: 


yp 


Do those wood-cuts correctly represent the instrument which you 
gave toSir William Thomson, as you stated ? 

Ans. I think so, substantially. 

Cross-Q. 511. In the right-hand wood-cut on said page the circular 
plate at the top of the cylindrical box is represented as having one 
edge fastened down to the box by a screw and with the edge else- 
where raised above the top of the box; in other words, with as 
between the edge of the plate and the top of the dox, all around ex- 
cept where the screw is. Is that the way such instrument was ar- 
2 and operated at the Centennial? 


. Yes. 
Cross-Q. 512. Were the two instruments that were shown in the 
23—1047 
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cuts constructed like the Centennial instruments; and, if not, wherein 
did they differ from those instruments ? 

Ans. The instruments were substantially similar to those used at 
the Centennial, but the coils were of very high resistance. The re- 
ceiving instrument also, to which you have directed special atten- 
tion, was very much larger in diameter than that used at the Cen- 
tennial. Thedisk upon the end of it was very much thinner than 
the corresponding disk in the Centennial instrument, and it was 
secured to one side of the iron box by a screw, asshown in the draw- 
ing you have referred to. The tilting of the disk in Sir William 
Thomson’s instrument was probably the result of some accident. 

Cross-Q. 513. Would the instrument operate to receive and re- 
— audibly articulate speech with the disk tilted as shown in 

e cut 


(Objected to as immaterial.) 


2 I never tried it so. It would certainly not operate nearly co 
well. 

Cross-. 514. With your knowledge and experience of telephony, 
do you know of any reason why it would not operate to audibly 
— articulate speech with the disk tilted up as shown in said 
cut } 


1719 (Same objection.) 


Ans. I should think it might have a strong tendency to a def- 
inite rate of vibration of its own, and hence would be under some- 
what similar conditions to a tuned reed receiver. 

Cross-Q. 515. Before giving the instruments to Sir William Thom- 
son — you test them to see whether they worked successfully or 
not 

Ans. I can't say definitely. 

Cross-Q. 516. Sir William Thomson has the reputation of being 
one of the most learned and scientific electricians in the world, has 
he not; and he was one of the judges at the Centennial Exhibition, 
was he not? | 

Ans. I believe so. 


Adjourned to March 7th. 
Marcu 7, 1883. 
(Respondents’ counsel calls for the introduction of the entire paper 
read by Professor Bell October 31, 1877, before the Society of Tele- 
graph Engineers, entitled “Researches in Electric Telephony,” an 
extract from which has heretofore been put in evidence by com- 
lainants, and puts the same in evidence as Exhibit Bell’s London 
ure, complete.) 


Cross-Q. 517. In Mr. Gardiner G. Hubbard’s deposition in the 
Dowd case, hereinbefore referred to, he testified as follows, in answer 
to inte tories 15 and 16, did he not, to wit: 

“Int. 15. State whether or not Professor Bell talked with you dur- 
ing the summer or autumn of 1875 upon the subject of the electrical 
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transmission of , and how much his mind seemed to be occu- 
pied with that subject. ‘ 

“Ans. He did speak with me. His mind seemed to me to be occu- 
pied with it a great deal more than was to my pecuniary —— 
as I did not then believe the transmission of speech could ever 
made commercially valuable, and I at several times remonstrated 
with him for spending so much time upon the subject. 

Int. 16. What did you want him to spend his time upon, and 
why? 

“ Ans. Upon instruments that would transmit many musical notes 
simultaneously, or upon an autograph — upon which he was 
er oe — I believed such instruments would be of more pecuniary 
value than any instrument for transmitting speech.” 

Ans. It is so printed in the record of that case. 

Cross-Q. 518. Have any of your multiple-telegraph inventions 
ever gone into use for practical telegraph purposes ? 

Ans. I don’t think so, as yet. | 

1720 Cross-Q. 519. In your deposition you have referred to your 

letter of March 18, 1875 (p. 125), in which occurs this state- 
ment: “I have decided to give up all professional work for some 
weeks. I have put off all pupils and classes until the 12th of April;” 
after putting off your pupils and classes as stated in that letter when 
did you n resume professional work with said pupils and classes, 
and how long did you continue it before putting it off again or be- 
fore giving it up? : | 

Ans. recollection is that I resumed my professional work at 
or about the time mentioned in the question—the 12th of April; 
and I gave up all work about the end of July. My connection with 
the Boston University was never completely severed, although my 
lectures became very irregular during this period. 

Cross-Q. 520. Do you mean that after resuming about the 12th of 
April you continued your professional work with your pupils and 
classes until the end of July ? 

Ans. Yes; but, as I have stated before, in June my professional 
work was dwindling away, and somewhere about the end of that 
month or early in July it failed me altogether, and my only source 
of income was then derived from my instruction to the little deaf 
and dumb boy of whom I have spoken before. rie 

Cross-Q. 521. In your letter of May 24, 1875, I find you writing 
your parents as follows: 

“Since I gave up my professional work and devoted myself ex- 
clusively to telegraphy I have been steadily gaining in health and 
= gth and am now in a fit state to encounter Mr, Gray or any one 
else.” 

Is not that statement a little inconsistent with your present recol- 
lection ; and if not, how do you explain the apparent discrepancy ? 

Ans. I do not see any discrepancy ; as the matter-lies in my rec- 
ollection there was a period of great physical prostration due to 
worry and excitement over the multiple-tel interference with 
Mr. Elisha Gray, and to the continued strain caused by the numer- 
ous duties that devolved upon me in consequence of my attempting 


1734 


to carry on my experiments and my professional work at the same 
time. Then came the resolve to give up my professional work for a 
time. Asa result of this my health improved, but my profession 
was practically broken up. Then came the experiments of June 2, 
1875. This was followed by a period of great excitement over the 
speaking telephone, a period of constant experiment and sleepless 
nights. During this period my mind was also much worried 
1721 by domestic matters and by pecuniary distress; and all these 
things combined led to a complete breakdown of my health 
about the end of July or the commencement of August. All these 
riods are very clear in my mind now, but the — way in which 
have been able to fix the dates is by reſerence to the letters. 
522. The apparent discrepancy to which I refered is this: 
That in answers 519 and 520 you stated in substance that you sus- 
pended your professional work from March 18 to April 12, 1875, 
then resumed it and continued it until about August Ist, although 
it practically dwindled away to almost nothing about July Ist; 
whereas in your letter of May 24, 1875, you speak of having given 
up — proſessional work and devoted yourself exclusively to teleg- 
raphy, and that that had already been done long enough to enable 
ou to gain health and strength and be then in a fit state to encounter 
r. Gray or any one else. If you were going on with your profes- 
sional work in May I do not understand why you should write that 
you had given it up and were devoting yourself exclusively to teleg- 
raphy, and hence I inferred that your memory must be somewhat 
at fault about it. If I understand your last answer, you say that 
you still were in May, 1875, doing something at you professional 
work; do you mean that your suspension of it from March 18 to 
April 12 substantially broke it up, so that you regarded yourself in 
ay as practically out of it, and as practically devoting your entire 
time to telegraphy ? 
Ans. In my answer to cross-question 344 I have stated that towards 
the end of May orthe beginning of June my profession had dwindled 


away so much that I was obliged to obtain pecuniary assistance from 


my colleague, Professor Monroe. I do not now know precisely what 
I meant by the quoted from my letter of May 24, but my 
— agrees with what you have stated in the question. 

Q. 523. Then, to sum the matter up in one statement, your 
professional work was entirely 1 up from March 18 to April 12, 
practically given up from April 12 to August 1, and with the ex- 
ception of your Boston University lectures given up from that time 
forward ; is that correct? 

Ans. The only means I have of fixing the date of my giving up 

professional work is the letter of March 18, 1875; it was given up 

reviously to the writing of that letter and before one of the two 

journeys alluded to in the letter; if befure the latter journey to New 

York then it was very shortly before the date of the letter; if 

1722 it was before I went to Washington it would be either the 

early part of March or even as early as the latter part of Feb- 

— — resumed my professional work on my return from Canada 
in r. 


4 { 
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Croes-Q. 524. With the qualifications contained in your last an- 
swer, is the statement in the question substantially correct? 

Ans. I think so. 

Cross-Q. 525. Referring to the experiment which you made in the 
presence of Prof. Henry, to wit, passing an intermittent current of 
electricity through an empty helix of insulated copper wire, as a 
result of which a noise could be heard proceeding from the coil— 
please describe that noise. 

Aus. As I remember it, it was a sort of spluttering sound having 
a musical character. I do not think I can describe the sound so as 
to give any definite idea of its character to a person who has never 


heard it. 
526. At the time when you made that experiment what 
telephone did you know of that produced a similar sound to that? 

Ans. The Reis telephone. 

Cross-Q. 527. The Reis telephone was the telephone, then, that 
you referred to in your letter of March 18, 1875 (p. 126), as produc- 
ing a similar sound; was it? 

Ans. It was. 

Cross-Q. 528. I Andee then, that you had before that time been 
experimenting with the Reis telephone; am I correct? 

Ans. I do not think so. I had been experimenting with inter- 
rupters and had obtained a similar sound from an electro-magnet 
and from a coil having in its interior a rod of iron as in the Reis 
receiver. I remember that I showed that experiment to one of the 

rofessors of the Institute of Technology in the autumn or winter of 
874, and it led him to tell me of the Reis telephone; and I under- 
stood from him at the time that the Reis receiver was substantially 
similar in construction to the instrument we were using, and that 
the sound produced from it was like that he heard. I think this is 
what I had reference to in the letter from which you have quoted, 
for I am sure that I made no experiments with the Reis telephone. 
529. Was there a Reis telephone at the Institute of 
Technology, in Boston ? | 

Ans. There was, but I do not think it was complete. My recol- 
lection is that I saw one of the Reis instruments, either the trans- 
mitter or the receiver, I do not now remember which, at the Insti- 
tute of Technology, and that Professor Henry showed me the other 

in — 
1723 Oross-Q. 530. Did Prof. Henry show you the other at the 
time when you showed him the experiment referred to in your 
letter of March 18, 1875? 

Ans. Yes, during that visit. 

Cross-Q. 531. Prof. Henry had the entire Reis instrument, the 
transmitter and receiver, at the Smithsonian, and I suppose showed 
you both, did he not? 

Ans. He did. 

Cross-Q. 532. When did you complete your autograph telegraph 
apparatus? 

Ans. It was completed sufficiently to allow me to have it pat- 
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ented by patent No. 161,739, dated April 6, 1875, applied for March 
6, 1875. 

Cross-Q. 533. When did you complete the apparatus itself so as to 
have it in condition to be used on the line? 

Ans. I think it could have been used upon a line as shown in the 
patent; the different parts of the apparatus had been completed and 
tested some time before March 6, 1875. 

Cross-Q. 534. I mean when did you actually make an autograph 
telegraph apparatus to be used on some line? 

Ans. I made the parts of such an apparatus as that shown in Fig. 
1 of the patent before March 6, 1875, but did not wish to spend time 
in constructing a large number of similar instruments until I had 
improved the apparatus that I have termed in the patent “a vibra- 
tory circuit-breaker.” The improved form of circuit-breaker at 
which I arrived was patented June 6, 1876, No. 178,399. In June, 
1875, I was at work combining a number of my multiple-telegraph 
instruments together, with the object of putting my — tele- 
graph into practical operation, when the experiments of June sec- 
ond temporarily diverted my mind from this object. During June 
and July the speaking telephone was the thing to which I devoted 
my energies, and all the applications of multiple telegraphy assumed 
only secondary importance. Few, if any, experiments relating to 
the autograph telegraph, or indeed to any electrical subject, were 
made between the end of July, 1875, and March, 1876. At that time 
I was again working at the combination of instruments necessary to 
put my autograph telegraph into practical operation, as Mr. Hubbard 
and Mr. Sanders thought that it would prove the most immediatel 
valuable of all my inventions. It was their understanding that 
should devote the greater portion of my time to the improvement of 

this application of multiple telegraphy, but I could not help 
1724 working at the speaking telephone, and more and more of 

my time was devoted to it; and the — telegraph has 
not yet been put into practical operation, although I believe it could 
be practically used if constructed and put into operation in the man- 
ner shown in my patents. 

My autograph telegraph employed my multiple-telegraph appa 
ratus for the — of reproducing in distant places a fac-simile of 
a picture or hand writing, so that written messages could be trans- 
mitted. The vibrations of the tuned reed receivers of my multiple- 
telegraph apparatus were used to make or break a local circuit 
through the instrumentality of what I have termed “ vibratory cir- 
cuit-breakers,” and so cause marks to be recorded on paper or other 
material. 

Cross-Q. 535. Before the spring of 1875 telegraphic apparatus for 
electrically transmitting to and reproducing at a distant station a 
fac-simile of a picture or handwriting, so that written messages could 
be transmitted, had been known to the world, had it not? 

Ans. Yes. | 

Cross-Q. 536. You have referred .to two visits which you made to 
Canada in the summer and fall of 1875; will you state in one answer 
the dates when you went and returned on those two occasions? 
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Ans. For the first visit I went on or about September 1, 1875, and 
arrived in Salem on my return on or about October 1; for the sec- | 
ond visit I left Salem on or about December 24, 1875, and got back 
somewhere about January 1, 1876. 


(Adjourned to March 8.) 
Marcg 8, 1883. 


Cross-Q. 537. All of your Centennial instruments were provided 
with means for adjusting the distance between the armature and 
the poles of the electro-magnet, except the liquid transmitter, which 
did not have any armature or electro-magnet, and was provided 
with means for adjusting the depth of the rod in the liquid ; is not 
this the fact? 

Ans. Yes. 

Cross-Q. 538. So far as you know, has any telephone instrument 
containing an electro-magnet and an armature ever gone into suc- 
cessful practical use for business pu on telephone lines with- 
out means for adjusting the distance between the armature and the 
poles of the electro- magnet? 

Ans. Oh, yes; very many. 
1725 Oross-Q. 539. Has any instrument containing an armature 
attached to a membrane and an electro- magnet ever gone 
into successful practical use on telephone lines without means for 
adjusting the distance between the armature and the poles of the 
electro- magnet? 

Ans. The improved instruments, with a metal plate instead of an 
armature and membrane, have proved so superior that I do not 
—5 that instruments of the latter description have gone into prac- 
tical use. : 

Cross-Q. 540. Please give the names and residences of all the per- 
sons to whom you talked about your plan for transmitting articulate 
mae * the Ist of July, 1875, and the 7th of 
— 1876, so as you are now able to remember and state 

em. 

Ans. That is a — difficult question to answer. I talked on 
this subject, I think, only to my most intimate and confidential 
friends, members of my ily, etc. I also approached friends pos- 
sessing means upon the subject of assisting me in obtaining foreign 
patents, but how much I spoke to them concerning the nature of 
the new inventions I desired to patent I do not know. My im- 
pression is that I described in detail to such persons the inventions 
that had already been patented in the United States, or for which 
applications for letters patent had been filed, and stated that I had 
certain new inventions which I considered much more valuable, the 
nature of which I would describe if an arrangement was entered 
into. I was extremely cautious about speaking upon tke subject of 
the production and reproduction of vocal utterances to others than 
the members of my own family, the family of-Mr. Hubbard, and 
the family of Mr. Sanders. To all the members of these families I 
spoke quite freely on the subject. I was so full of the subject that 
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it is quite possible, nay probable, that I spoke to many other per- 


sons, but I cannot give names and addresses now. 
541. Referring to your English patent applied for Decem- 


ber 9, 1876, do you know who owns that patent now? 
(Objected to as immaterial and not calling for competent evidence.) 


Ans. I believe it is owned by the United Telephone Company, Lim- 
ited, of London. 


* ad counsel says that the English provisional specifica- 

tion, which has been put in evidence, constitutes only a portion of 

= 2 and he asks that the rest of the patent be put in evi- 
ence. 


(Adjourned to March 9.) 
1726 3 Marca 9, 1883. 


Direct examination resumed by J. J. Sronnow, Esq. : 


Nore.—The four Centennial instrumente have been present dur- 
ing the latter part of the cross-examination. 


Q. 542. You have been examined concerning the differences and 
resemblances between the instruments Fig. 5 and the instruments 
Fig. 7 of your — of March 7, 1876. 

F find from the specification and drawings that each of these in- 
struments had an armature provided with a support having some 
elasticity, but I also find that the armature and elastic support in 
the instruments of Fig. 5 constitute a steel spring in the form of a 
free-tuned reed ; and that the armature and elastic support in the 
instruments of Fig. 7 consist of a piece of inductive metal deriving 
its elastic support from its attachment to a stretched membrane 
diaphragm. In your answers 374-400, and — in your Ans. 
377, 378, and 396, you stated in substance that the structure of Fig. 
5 was not adapted for an apparatus intended to transmit and repro- 
duce timbre, but that the structure of Fig. 7 was. Will you again 
state briefly the characteristic distinction between those features of 
the structures referred to, which, in your opinion, at the time adapted 
the one fer a purpose which the other was not calculated to fulfil ? 

Ans. A free-tuned reed, like that shown in Fig. 5, had a strong 
tendency to vibrate after a law of its own, and it was difficult to 
make it move at any other rate or in any other manner than that 
which was normal to it ; but the mechanical structure of the appa- 
ratus show in Fig. 7 adapted it to vibrate with substatially equal 
freedom at all rates and in any manner so that it could copy the 
shape or the form of any yibration. Now, the quality or timbre of 
a sound is characterized by the shape or form of the vibration that 
causes it, and hence no apparatus can reproduce timbre that is not 
capable of copying with substatial accuracy the form of a vibration. 

Q. 543 (de bene esse). Which of these characteristics did you, at 
the time you took out your 1876 patent, consider must be 
by a transmitting instrument which was to be vibrated by sounds 
uttered by the human voice, and by means of whose vibrations un- 
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dulations similar in ſorm to the air vibrations caused by the sound 


ss were to be created ? 


(Objected to as incompetent.) é 
Ans. Those characteristics that I have attributed to the stretched 


membrane 5 shown in Fig. 7. 
Q. (de bene esse). Which of those characteristics did 
1727 you, at the time you took out your 1876 patent, consider 
should be possessed by a receiving instrument, which was to 
be acted upon by the electrical undulations mentioned in the last 
question with such effect that it would copy the motion of the trans- 
mitting diaphragm, and with the result that there would be heard 
to proceed from ita sound which would be similar to that uttered 
into the transmitter. 


(Same objection.) 


Ans. Again, the characteristics I have ascribed to the apparatus 
shown in Fig. 7. 

Q. 545 (de bene esse). In the description in the patent of the in- 
struments Fig. 5, arranged in sets as shown in Fig. 16, I find it 
stated in substance that when several different electrical undulations 
are caused to simultaneously traverse a common electrical circuit 
and pass through all the inrtruments, each receiver will respond to 
that particular undulation which co ds to its own normal rate 
of vibration, but will be left silent by the others, thus in effect ana- 
lyzing them and converting into sound one predesignated set only. 

hat, at that time, did you consider to be the advantage of such an 
analyzing contrivance in a system of harmonic multiple telegraphy? 

Ans. In such a system the messages were to be transmitted by 
musical signals of different pitch, the signals for each individual mes- 

being all of the same pitch. I conceived it to be an advantage 
to have the messages separated from one another at the receiving 
end by an analyzing instrument that would respond only to the 
siginals of one message, rather than to have the analyzing process 
peformed by the ear of the operator. 

Q. 546 (de bene). Which of the characteristics described in your 
542d answer did you at the time consider would adapt a receiver to 
perform this work of analysis? | 


(Objected to. as incompetent.) 


Ans. Those that I described as characteristic of a free-tuned reed. 

Q. 547 (de bene). I now call your attention to your second tele- 
phone patent of January 30, 1877. Comparing the instrument 
therein shown with that shown in Fig. 7 of the patent of 1876, I 
find the difference of structure to which the most prominence is 
given to be described in the following lan : | 

“In my patent No. 174,465, dated 7, 1876, I have shown as 
one form of transmitting instrument a stretched membrane to which 
the armature of an electro - magnet is attached, whereby motion 
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1728 can be imparted to the armature by the human voice, or by 
‘ means of a musical instrument, or by sounds produced in 
any way. 

“In accordanee with my present invention I substitute for the 
membrane an armature shown in the transmitting and receiving 


instruments alluded to above a plate of iron or steel capable of being 


thrown into vibration by sounds made in its neighborhood.” 

Did you or did you not consider, at the time you took that patent, 
that the alteration made in the instrument Mg. 7 of the first patent, 
in substituting the new diaphragm for the old, changed the nature 


of the operation of the instrument ? 
(Objected to as incompetent.) 


Ans. I did not consider that it changed the nature of the opera- 
— — way, but simply enabled the instrument to operate more 
ectly. | 
ar) 548 (de bene). In your first patent you — 2 to Fig. 5 the 
work of analyzing the electrical undulations and converting into 
sound only one set of them, and you assign to the instruments of 
. 7 the work of transmitting and reproducing noises and sounds 
of all kinds, including the utterances of the human voice. In your 
second patent you expected to accomplish multiple telegraphy and 
also the transmission of articulate speech, and showed only one in- 
strument for both pu . Did you or did you not, when you 
took the second patent, believe that the instrument Fig. 7 in the 
improved form shown in the second pom could perform the work 
of — which you have stated that the free tuned reed instru- 
ment Fig. 5 of the first patent was expected to perform ? 


(Objected to as incompetent and leading, and as stating the first 
patent incorrectly.) 


Ans. I did not. 

Q. 549 (de bene esse). When using the improved instrument of the 
second patent for the purposes of multiple telegraphy, as therein set 
forth, did you expect that the work of analysis would be performed 
in some way; and, if so, how? 

Ans. I expected the work of analysis to be performed by the ear; 
the sounds produced by the instruments were so loud that I thought 
a little practice would enable an operator to fix his attention upon 


sounds of a certain pitch and ignore all others. It seemed to me 


this would be very readily accomplished with the aid of a resonator 
held to the ear. : 
Q. 550 (de bene esse). If there is any passage in the second patent 
which expresses the views indicated in your last answer, will you 
please read it? 


1729 Ans. I find on page 65 of complainants’ record the follow- 


ing paragraph in the patent: | 
„When two or more musical signals are being transmitted over 
the same circuit, all the telephones reproduce the signals for all the 
messages; but as the signals for each message differ in pitch from 
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Ans. Certainly not. 
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those for the other messages it is easy for an operator to fix his atten- 
23 one message and ignore the others. 

When a large number o we ne — are being simultaneously 
transmitted, it will be advisable for the operator to listen to his tele- 
phone through a resonator, which will reinforce to his ear the sig- 
nals which he desires to observe. In this way he is enabled to direct 
his attention to the signals for any given message without being 
distracted or disturbed by the signals for any other messages that 
may be passing over the line at the time. : 

“The musical signals, if preferred, can be automatically received 
by means of a resonator, one end of which is closed by a membrane, 
which vibrates jonly when the note with which the resonator is in 
unison is emitted by the receiving telephone. The vibrations of the 
membrane may be made to operate a circuit-breaker, which will 
actuate a Morse sounder or a telegraphic recording or registering 

ratus.” 0 a 

551 (de bene esse). I now call attention to your first nt of 
March 7, 1876. In the employment of instruments like Fig. 5 ar- 
ranged in setsias shown in Fig. 6, for the purpose of sending two 
or more telegraphic si or messages simultaneously over the 
same circuit, did you think the form of the electrical undulation 
which each instrument 2 material or essential for accom- 
plishing the result stated 


(Objected to as leading and incompetent.) 


Ans. No; neither material nor essential. 

. 552 (de bene). In the employment of instruments like Fig. 7 
for the — of transmitting the utterances of the human voice, 
as set forth in that part of the patent which particularly refers to 
Fig. 7, did you think the form of the electrical undulations which 
the instrument produced material or essential for accomplishing the 
result stated? 


(Same objection.) 


Ans. I thought it was the essential thing for this purpose. 

Q 553 (de bene esse). In an — to employ the instruments of 
Fig. 5, arranged in a system as shown in Fig. 6, for the purpose 
of the simultaneous transmission of two or more telegraphie signals 
or m over the same circuit, would such transmission 
accomplished if each transmitting instrument always produced a 
simple pendulous electrical undulation of the same rate or fre- 
quency, differing in frequency from those produced by the others? 

Ans. Certainly. . 

1730 Q 554 (de bene esse). In an attempt to rm the instru- 

ments of Fig. 7 for the purpose of transmitting the utterances 
of the human voice, so that the sound heard to proceed from the re- 
ceiver would be similar to that uttered into the transmitter, would 
such transmission be accomplished if the electrical undulations pro- 
duced by the transmitter were all simple pendulous vibrations, and 
all of the same rate or frequency? 


OS OG UA U Wm „ n tei 


2 * 


1742 


Q. 555 (de bene esse). Did you yourself draw any of the claims of 
your patent of January 30, 1877; and, if so, which? 

Ans. Yes; I drew the third claim. 

Q. 556. You state at the close of your 296th answer that few, if 
any, experiments of any kind were made between the end of July, 
1875, and the date of the patent. Does that statement refer to mem- 
brane instruments alone, or does it refer to all the instruments men- 
tioned in the patent? 


(Objected to because the statement shows for itself.) 


Ans. To all. 

Q. 557 (de bene esse). Did you, before the date of the patent, make 
any experiments with undulatory current instruments, having in 
view a multiple-telegraph system; and, if so, during what periods? 

Ans. Yes; during May, June, and July, 1875. 

Q. 558. You were asked during your cross-examination to ap- 
proximate as nearly as you could the time when, during the summer 
of 1874, you conceived your method and apparatus for —— 
speech as you had stated. Had you at that time examined, or di 
you then know of, the entries in your father’s diary other than those 
printed in his deposition in the Dowd case? 

Ans. I did not. 

Q. 559. Will you now look at the entries made in his diary in 
the summer of 1874, as given in his deposition, and state if they 
enable you to approximate any more clearly the date of that con- 
ception? | 

Ans. Yes; they have refreshed my memory concerning the nature 
of my occupations during the early part of my visit to Canada, and 
have convinced me that I conceived my method and apparatus for 
transmitting speech before the date of my arrival in Canada, July 
11, 1874. On July 14, 1874, I left my father’s house for Belleville, 
Ontario, to attend the eighth convention of American Instructors of 
the Deaf and Dumb, which met in that city from July 15 to July 
20. I delivered several addresses at that convention, and the prep- 

aration for these occupied my time at my father’s house from 
1731 the time of my arrival there, July 11, until the meetings of 

the convention. I returned to my father’s house on Tuesday, 
the 21st of July, and I had not time between that date and Sunday, 
the 26th of July, to develop and mature the method of transmitting 
speech that I . to him on that day. and that led to the entry 
in his diary, Electric Speech (?).” 


I, therefore, now feel perfectly sure that my method and apparatus 


for transmitting speech electrically was conceived in the summer of 
1874, a considerable time before the 11th of July. 


(Answer objected to by respondents’ counsel as stating not facts 
but arguments and conclusions, and as assuming things not proved.) 


Q. 560. Will you please state what were your occupations between 
the early part of July, 1875, and the time when you went to Canada, 
about the first of September, 1875? 


Ans. In July, 1875, I resided in Salem, Massachusetts, where I 
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gave instruction for two or three hours a day to the little deaf pupil 
of whom I have before spoken. In the early part of that month I 
went to Boston every day, the journey occupying about one hour. I 
remained at my rooms in the Boston University for one hour or 
more, according as I had pupils or not, and I devoted the remainder 
of my time within working hours to my electrical experiments. 
After six o’clock in the evening, after Mr. Williams’ workshop closed, 
I either returned to Salem or received private pupils at my room in 
the Boston University. During the latter part of the month my 
visits to Boston became i lar on account of ill health, and I only 
made the journey for the sake of carrying on my experiments, my 
professional work having failed me. About the end of July the ex- 

riments were suspended on account of the illness of Mr. Watson, 
and when he had recovered I was in no condition to resume work. 
By about the commencement of August my health had completely 
broken down, and during that month I hardly left Salem, — 
for an occasional visit to Mr. Hubbard's house in Cambridge. 
made no experiments during this month, but occupied my time in 
thinking and pondering over the experiments that had been made 
in the 1 months. About the end of August or the first of 
September I left Salem for my father’s house in Canada. 

561. You say you occupied your time in thinking and ponder- 
ing over your experiments; if you have any paper written durin 
that month of — — 1875, which expresses your state of mind an 
your conclusions from all that you had thought and done up to that 
time upon the subject of the invention set forth in your patent of 
March 7, 1876, will you please read it? 

1732 (Objected to as new matter not referred to in the cross-ex- 
amination.) 

Ans. On the 14th of August, 1875, I wrote to Mr. Hubbard the 

following letter, which is already in evidence, and printed as part 


of my answer 94, page 147: 
“SaLem, Mass, August 14th, 1875. 
“ Dear Mr. Hubbard : 

“On glancing back over the line of electrical experiments, I recog- 
nize that the discovery of the magneto-electric current generated by 
the vibration of the armature of an electro-magnet in front of one 
of the poles is the most important point yet reached. I believe that 
it is the key to still greater things. | 

“The effects produced, though slight in themselves, appear to me 
80 Fart in proportion to their cause that I feel sure that the future 
will discover means of utilizing currents obtained in this way on 
actual telegraph lines. 

“So important does it seem to me to protect the idea that I think 
some steps should be taken immediately towaras obtaining a caveat 
or patent for the use of a magneto-electric current, whether obtained 
in the way stated above (by the vibration of permanent ets in 
front of electro-magnets) or in any other way. I should wish to 
protect it specially as a means of transmitting simultaneously musi- 
cal notes differing in intensity as well as in pitch. 
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I can see clearly that the magneto-electric current will not only 
permit of the actual copying of spoken utterances, but of the simul- 
taneous transmission of any number of musical notes (hence mes- 
sages) without confusion. 

“The more I think of it the more I see that the method of making 
and breaking contact so many times per second is only the first 
stage in the development of the idea. 

“ When we can create a pulsatory action of the: current which is 
the exact equivalent of the aerial impulses we shall certainly ob- 
tain exactly similar results. Any number of sounds can travel 
— the same air without confusion, aud any number should 
pass along the same wire. 

“It should even be possible for a number of spoken messages to 
traverse the same circuit simultaneously, for an attentive ear can 
distinguish one voice from another, although a number are speak- 
ing together. ’ 

“Don’t you think it would be well to take out a caveat for the use 
of the magneto-electric current ? 

“In its present undeveloped state it might be unwise to let Gray 
know anything about it, unless, indeed, we could secure the prin- 


ciple of it in a patent. | 
“ Yours respectfully, “A.GRAHAM BELL. 


“ Gardiner G. Hubbard, Esq., Cambridge.” 


Q. 562. It has already appeared that you passed the month of 
September, 1875, in Canada at your father’s. Please state what oc- 
cupied your time during that month, and what attention you de- 

voted to any electrical matters. 
1733 Ans. I went to Canada chiefly for the sake of my health. 

I spent a great portion of my time (as I remember after read- 
ing the notes in my father’s diary) in the open air, taking plenty of 
horseback exercise. I had no means of making electrical experi- 
ments, but I attempted, as I found strength and inclination, to re- 
duce to writing my ideas concerning the production and utilization 
of undulatory currents for the purposes of the speaking telephone 
and the multiple telegraph. I also occupied a portion of my time 
in trying to interest friends in my inventions. I hoped to make 
some pecuniary arrangement for my support in Boston, so that 
upon my return to that city I might devote all my time to my elec- 
trical researches. It was my intention to patent what I had done 
at once, in the United States and abroad, and I thought that in re- 
turn for an interest in my foreign patents I could induce some friend 
to make the arrangement I desired, and to undertake all the ex- 
pense of the foreign applications. Before I left Canada I had ar- 
rived at an understanding of this kind with the late Hon. George 
Brown, of Toronto, and bis brother, Mr. Gordon Brown. 

Q. 563. Please state what occupied your time between your return 
from Canada, about October 1, 1875, up to February 14, 1876, when 
you — 5 the application for your patent, No. 174, 465, dated March 
7, 1876. 

Ans. Immediately upon my return to Salem, in October, 1875, I 


=a + 


4 * — 0 


remunerated ſor the money they had already expended 
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ep the specification for my patent of March 7, 1876, so as to 


ready to make application for letters patent in the United States 


and abroad the moment a definite arangement should be concluded 


with Mr. George Brown and his brother. Mr. George Brown had 
specially requested me to take no steps in America that could be 
prejudicial to the patents he pro to take out abroad. I therefore 
waited anxiously for the definite reply to my proposition that had 
been promised, but it never came. In the meantime my time was 
occupied for two or three hours a day, as before, with the instruction 
of my deaf pupil in Salem. Not — from Mr. George Brown, I 
was soon placed in a serious dilemma. There seemed to be no alter- 
native but to give up either my profession or my electrical experiments. 
I could not give up my profession and I would not give up my ex- 
riments. In to my professional work I was bound to de- 
iver lectures in the Boston University, for which I had already re- 
ceived the payment, and the income from which had already — 
spent in supporting myself while carrying on my electrical researches. 
My little deaf pupil was my only means of support, and my 
1734 instruction to him necessarily occupied a very considerable 
portion of my time, quite independently of the time required 
to travel backwards and forwards between Boston and Salem. In 
regard to my electrical work I could, of course, have made some 
arrangement with Mr. Sanders and Mr. Hubbard for my support 
while carrying on researches, but for the reasons already given I 
decided not to do so. There was another reason that powerfully in- 
fluenced my decision at this time—namely, that I looked forward to 
the possibility of marriage. I knew from the past that if I attended 
—— to my profession it would be capable of yielding me an 
— 4 support. On the other hand, I believed so firmly in the 
pecuniary value of my invention that I was willing, and had offered, 
to risk everything by throwing professional work entirely aside and 
devoting myself exclusively to the improvement of my apparatus 
if only Mr. Brown had acceded to my proposition. 


(Adjourned.) 
Marcu 10rn, 1883. 


Witness continues: It was my belief that if the pecuniary arran 
ment I desired could be concluded with Mr. George Brown and his 
brother that I could have repaid Prof. Monroe the money I had 
borrowed from him, and have been released from my obligation to 
lecture in the Boston University, for Prof. Monroe was not only a 
very dear personal friend, but was dean of the faculty to which I 
belonged. He knew something of my experiments and ideas, was 
interested in them, and would undoubtedly have done what he 
could to oblige me. Under my circumstances it was absolutely im- 
possible for me to get along without attending to my profession ; 
and it was difficult to see how I could do this without giving up my 
experiments. On the other band, I felt that, even had I desired to 
do sa, I was bound in honor to Mr. Sanders and Mr. Hubbard to put 
my inventions to practical commercial use, so that they might be 
upon them. 
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It will be understood, then, that in October, 1875, I was placed in a 
very serious dilemma. I expected from day to day to hear from 
Mr. George Brown, and while waiting I occupied myself in writing 
and rewriting my specification. I felt that I had made a great in- 
vention, that I had invented what is now known as “the speaking 
telephone.” I tried to — this in my specification, and to ex- 
press it in language that should be scientifically accurate and com- 

plete, and to the best of my ability I did so. I did not know 
1735 much about the patent laws of the country, but believed that 

the counsel who might be employed by Mr. George Brown 
and his brother, or by Mr. Sanders and Mr. Hubbard, would make 


the necessary alterations in the phraseology, if any such alterations 


were deemed necessary. Mr. Hubbard and Mr. Sanders were very 
anxious to have my specification filed at once in the United States 
Patent Office, but I believed the invention to be so important and 
so valuable that I wanted it to be taken out abroad as well as in 
America, and therefore delayed the filing, hoping to hear from Mr. 
George Brown and his brother. 

Towards the end of November the expostulations of Mr. Hubbard 
and Mr. Sanders had their effect ; we would no longer wait for Mr. 
Brown. In the early part of December Mr. Hubbard took my ap- 

lication to Washington to have it submitted to his counsel there ; 
but at my earnest request he — that no steps should be taken 
in the United States Patent Office until I had had a last chance to 
interest friends in Canada, so as to have my foreign patents taken 
out simultaneously with my American patent. On account of the 
nature of my engagements this opportunity would not arrive until 
the Christmas vacation. 

Towards the end of October, 1875, when I n to despair of 
hearing from Mr. Brown, I was called upon to face the problem, 
What shall I do? and I came to the conclusion that the quickest 
way to get back to my electrical experiments was to devote my at- 
tention exclusively for a time to my professional work, and I form- 
ulated a plan which I thought would soon permit me to devote a 
very considerable portion of my time to the electrical researches and 
yet allow me to hold my profession together as a contingent support 
for the future. * 

My experiments in teaching articulation to the deaf and dumb 
had aroused a deep interest all over the country among those inter- 
ested in the education of this elass, and there was a great demand 
for teachers who were practically acquainted with my methods of 
instruction. It seemed to me that if this demand were to be made 
known it might enable me to form a large normal class of persons 
desiring to become articulation teachers, and that after a short time 
these persons would be competent themselves to teach. It would. 
then be possible for me to relinquish into their hands the instruction 
of individual pupils, and thus allow me to devote the time that 
would otherwise be spent in this class of work to the prosecution of 
my electrical researches and to the improvement of the speaking 
telephone, so as to bring it into general commercial use. 
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1736 About the end of October or the commencement of Novem- 

ber I commenced to carry this plan into practical effect by lec- 
turing at various normal schools upon the subject of articulation 
teaching, and some time in the a of November I succeeded 
in gathering together a large no class. I found the work in- 
volved, however, a great deal more than I had expected. I had 
very few private pupils by whose instruction I could exemplify my 
methods of teaching, and I was therefore obliged to open a free 
class for the adult deaf-mutes of the city of Boston, which met in 
the evenings at my rooms in the Boston University. I addressed 
the different deaf-mute societies at some of their meetings, urging 
upon the members the advisability of their taking this opportunity, 
probably = only portunity — would ever occur to them, of 
acquiring the art of s . In response to my appeal quite a 
— of deaf-mutes — their a ce. I * a — 
of attempts during November and mber to carry on my experi- 
mental work, but my private pupils began to increase in number, 
and I found that the work of organizing and arranging my classes 
and private pupils according to the plan I have stated above in- 
volved such an expenditure of time and such an amount of 
labor that it was not until somewhere about the middle of February, 
1876, that I was enabled to carry out the plan in its entirety. 

In the meantime, as I have stated above, it was my intention to 
make another attempt during the Christman vacation to interest 
friends in Canada to take out foreign patents. I accordingly left 
Salem for Canada on or about the 24th of December, and returned 
about the Ist of January, having in the meantime concluded a defi- 
nite agreement with Mr. George Brown and his brother. I could 
not at that time ask them for a cash payment sufficient to su 
me, as I was then carrying out the organization of my professional 
work in the manner stated above. I asked them, however, and they 
agreed to make me a sufficient allowance to pay the rent of ial 
rooms in which the experiments might be carried on, as I been 
much troubled by reports among the workmen in Mr. Charles Will- 
iams’ workshop that strangers had been observing my apparatus, 
and had apparently been making notes. In consequence of this 
arrangement I rooms in Exeter Place, Boston, to which the 
apparatus in Mr. Williams’ workshop was removed somewhere during 
January, 1876. 

My recollection is that at this time also I entrusted the education 

of the little deaf pupil to whom I haveso often alluded to one 
1737 of my normal teachers, and came to Boston to live, thus saving 
a considerable —— of my time. In consequence of the . 
agreement with Mr. Brown and his brother my specification was 
returned to me from Washington to be sworn to in Boston, and I 
was much pleased to observe that it had not been found necessary 
to alter the phraseology. I was extremely anxious to be once more 
at work upon the development and improvement of the speaking 
; for, although I firmly believed that it had been already 
iently perfected to enable me to patent it and claim the essen- 
believed would be found common to all subse- 
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quent speaking telephones, still I thought that the speaking tele- 
phone could be — improved, and I was feverishly anxious 
to see it put into commercial use. In spite of all my efforts, how- 
ever, it was not until late in February that I was able to settle down 
to steady and regular experimental work. But just as I had com- 
menced to do this I was summoned to Washington by a threatened 
interference with my — which had led February 
14, 1876, to which interference I have already referred in my answer 
to cross-question 404 and uestion 405 (pp. 1628 and 1629). 
My application was not filed before this date, in consequence of a 
romise that I had made to Mr. George Brown, who had then gone to 
— that the American — should not be filed until a 
cablegram had been received from him telling me that I might do 
so without prejudice to the foreign applications. I returned my 
Soe to Washington, either to Mr. Hubbard or to Messrs. 
ollok and Bailey, immediately after it was sworn to in Boston, 
January 20th, so as to be ready to be filed in the Patent Office upon 
1 notice. I waited anxiously for the promised cabl 
from Mr. Brown, but at last Mr. Hubbard became tired of waiting, 
and on the 14th of February the application was filed in the United 
States Patent Office without my knowledge. 


(So much of the above answer as states conversation with or com- 
munications by others is objected to by respondents’ counsel as hear- 
say, and all statements of the witness’ opinions, thoughts, and 
beliefs are objected to as incompetent.) 


Q. 564. Please produce and read as part of your answer the agree- 
ment with the Messrs. Brown, which you have just referred to. 

Ans. I produce it. It is accompanied by a letter written and de- 
livered at the same time. The agreement and letter are as follows: 

“ Memorandum of agreement made and concluded this twenty- 

ninth day of December, 1875, by and between A. Graham 
1738 Bell, of Salem, Massachusetts, United States; George Brown, 
of the city of Toronto, Canada, and John Gordon Brown, of 

the same city : | 

Whereas the said A. G. Bell has invented certain new and useful 
methods of and apparatus for telegraphing, for which he has obtained 
one patent and has applied for two more, and is about to apply for 
other two patents or more in the United States of America, and the 
said A. G. Bell has assigned to Thomas Sanders, of Haverhill, Massa- 
chusetts, United States, and to Gardiner G. Hubbard, of Cambridge, 
Massachusetts, United States, all his right, title, and interest to the 
said inventions and patents in the United States of America to the 
extent of one-third thereof to each; and whereas the said A. G. Bell 
is desirous of associating with himself in taking out patents for the 
said inventions in Canada, Great Britain, and any other countries 
into which they may deem it expedient to do so, and in 1 of 
rights to use the said patent inventions, the above- named George 
Brown and John Gordon Brown, of Toronto, and they have agreed 
‘thereto: Now, therefore, the said A. G. Bell and the said Geo 
Brown and John Gordon Brown hereby severally agree that 
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said A. G. Bell shall assign to the said George Brown and J. G. 
Brown one-fourth interest each in all his said patents and inventions 
that are now or may be hereafter taken out in any other parts of the 
world except the United States of America, and in all his (the said 
A. G. Bell’s) right, title, and interest therein; and the said George 
Brown and John Gordon Brown shall, in equal proportions of one- 
half each, pay all the expenses of getting out the said patents, and 
of any interference or interferences therewith, beyond the United 
States. And it is further agreed between the said parties hereto that 
if any of the said inventions shall prove to be of sufficient value that 
then the said parties shall transfer all their rights to a company, to 
be organized for the purpose of more easily managing and controlling 
the said patents, the stock that shall be issued for the said ts to 
the said parties — > proportion aforesaid of one-half to A. G. 
Bell, one-quarter to George Brown, and the remaining quarter to 
J. G. Brown. 
This agreement to be binding on our heirs and legal represent 
atives. 
Signed, sealed, and delivered at Toronto, the 29th December, 1875. 
A. GRAHAM BELL. IL. . 
L. 8. 
L. 8. 


GEORGE BROWN. 
J. G. BROWN. 


ALEXANDER FRASER, Witness. 


Toronto, 29th December, 1875. 
Professor A. G. Bell, Salem, Mass. 


Dear Sir: We hereby | agree to pay you twenty-five dollars in 
United States currency, of us, per month, while you are per- 
fecting your inventions in telegraphy and preparing the n 
ifications for taking out patents under our agreement of this 
te; said monthly payments to cease-when the patents are ob- 
tained, and in no case to extend beyond six months. : 
Yours truly, GEORGE BROWN. 
J. G. BROWN. 


1739 Q 565. Did the Messrs. Brown pay you any money under 
that agreement; and, if so, how much and when? 
Ans. To the best of my recollection, fifty dollars were paid in one 
pe ent; I think about the end of January or the beginning of 
ruary. 
Q. 566. In your letter to 9 March 2, 1877, 
ſound in answer to 1 — 402, p. 1627, I find the following: 
My specification had months before it was fi led 
and a copy had been taken to d by a friend. I delayed the 
filing of the American patent until I could hear from him. At last 
the protests of all those interested in my invention deprecating fur- 
ther delay had their effect, and I filed my application without wait- 
ing Se a conclusion of the negotiations in land.” 
that h refer to the withholding of the American 


application which you have mentioned in your answer to interrog- 
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Ans. It does. 
Q. 567. About when did Mr. George Brown go to England? 
Ans. About the last week in January, 1876. 
Q. 568. Did he take with him a specification furnished by you cor- 
nding to the specification of your patent of March 7, 18767 
ns. He did. 
Q. 569. Please look at the paper now shown you and state whether 
it is the — which you furnished to Mr. George Brown. 
Ans. It is. a . 


(Complainants’ counsel puts a copy of the paper in evidence, to be 
marked Complainants’ Exhibit George Brown Specification.) 


Q. 570. How long before Mr. George Brown sailed for England did 
you deliver this paper to him ? 

Ans. I only know that it was handed to him between the date of 
the agreement, December 29, 1875, and the time he sailed—the latter 
part of January, 1876. 

Q. 571. When was this paper written? 

Ans. In October, 1875. 

Q. 572. I observe that it is headed “ United States Patent Office,” 
from which I infer that this particular paper was originally pre 
for your American specification and not for the — — of being 
handed to Mr. George Brown; what is the fact about that? 

Ans. Certainly ; that is the fact. 

Q. 573. Did you, at or about the time when you handed this paper 
to Mr. George Brown, also give to him descriptions of your other 

electrical inventions, patented and unpatented? 
1740 Ans. Les. 
Q. 574. Are these six papers, which I now show you, the 
ones referred to in the last question and answer ? | 


(Objected to as immaterial and irrelevant.) 


Ans. Yes. 

Q. 575. Will you please offer them to the defendants’ counsel for 
his inspection, if he desires to look at them? 

Ans. I do so now. 

Q. 576. In the Exhibit George Brown Specification there are some 
alterations made by drawing the pen through words or phrases, and 
— others in place af them. What is your recollection as 
to when these changes were made? 

Ans. I have not any clear recollection of the time when these 
changes were made, excepting that they were made before the speci- 
fication was given to Mr. Brown. 

Q. 577. In your 563d answer you have several times _— the 
phrase “electrical researches” to your electrical work. What do you 
mean by that phrase? 

Ans. I was not a skilled electrician and did not perhaps carry on 
my experiments in the same manner they might have been carried 
on by one more familiar with electrical subjects. My experiments, 
therefore, took on very much of the character of research for the 
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sake of information. I have always been accustomed to speak of 
my experiments as “ researches.” 

Q. 578. I wish you would explain a little more definitely the 
manner in which you were in the habit of carrying on the electri- 
cal work or researches by which you developed your electrical in- 
ventions. 

Ans. My general method of research will be understood by con- 
sidering the mode in which I developed the speaking a 
It was not my plan to make telephone after telephone slightly dif- 
fering from one another in detail, but to ponder over the different 
defects in the operation of the instruments and try to devise some 
plan for testing the conditions under which better results might be 
anticipated. For instance, in the development of the speaking 
telephone it was evidently necessary to understand the conditions 
under which the most powerful electrical effects would be produced 
by the vibration of an armature in front of a magnet. For this 
ae I did not consider it either necessary or convenient to use 
the form of apparatus to which the results obtained were to be ap- 
plied. Indeed, it was very inconvenient and difficult to have a 

— talking or shouting to a telephone while different modi- 
1741 fications were made to test the point, and almost impossible 
to compare the results of different experiments. My method 
of elucidating the point was to keep every element in my combina- 
tion constant except the one whose variation I desired to observe. 
For this purpose, therefore, I would keep the armature of an instru- 
ment in mechanical vibration at a constant rate, and as nearly as 
possible with constant amplitude, and then try by the variation of 
the other parts of the apparatus, one by one, to arrive at that com- 
bination which would under these circumstances produce the most 
violent electrical effects. This will account for the fact that so many 
of the electrical experiments that were made in the attempt to im- 
prove the speaking telephone were made with free tuned reeds, 
vibrating 122 magnets, etc. That combination that would 
under such constant circumstances of vibration produce the best 
effects I believed would be also most suitable in the ing tele- 
phone. This will illustrate, I think, a little more clearly what I 
meant when I characterized my electrical experiments as re- 
searches.” 5 

Q. 579. It has appeared that your Centennial instruments, both 
the single pole and the double pole, had their diaphragm and arma- 
ture made of a stretched membrane carrying a patch of iron or steel 
cemented or shellacked to its central portion. What led you to 
adopt this arrangement, and how did you arrange the diaphragm 
and armature with reference to each other? 

Ans. My recollection is that difficulty was experienced in arrang- 
ing a suitable attachment between the armature and membrane of 
the speaking telephone, shown in figure seven of my patent of 
March 7, 1876, because the attraction of the electro-magnet tended 


to separate the armature from the membrane. I thought this might 


be avoided by placing the armature on the other side of the mem- 


brane, so that the attraction of the electro-magnet should cause it 
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to adhere more firmly to the latter. At first I believe that a double- 
pole electro-magnet was employed, with each pole opposite to one 
end of the armature, with the intention of polarizing it through the 
membrane, and I am inclined to think, but am not perfectly sure, 
that in the early experiments with metallic patches the arma- 
ture was ranged upon the membrane so that one extremity was 
near the center and the other near thecircumference. At all events, 
it was soon discovered that this was not important. The belief that 
the most violent vibrations of the membrane were at the center, and 
that, therefore, the pole of the magnet would be most advanta- 
geously placed at or near the center of the diaphragm, and the desire 

to ascertain how small a piece of metal fastened to the mem- 
1742 brane would produce audible effects led me to the construc- 

tion of what is known as the single-pole Centennial mem- 
brane telephone; the other I have described above, constituting 
— is now known as the double-pole Centennial membrane tele- 
phone. 

Q. 580. Will you produce views and drawings of the Centennial 
instruments now present, and insert them as part of your answer? 

Ans. I do so, stating that the sectional drawings are carefully 
made to scale—one-fourth of the size of the originals. The views 
are not very accurate, but will serve to give a general idea of the 
instruments. The membranes of the three membrane instruments 
are each three inches in diameter. The tube of the iron box mag- 
net-receiver is one and three-fourths inches diameter. 

Q. 581. The Centennial iron box magnet receiver as it now exists, 
and as it is shown in the sectional drawing, has its coil extending 
over only one-half of the length of the core, and holes through the 
sides of the instrument bushed with vulcanite, allowing the wires to 


MA 


BE.LL’s CENTENNIAL SINGLE-PoLE MEMBRANE TELEPHONE. 


BELL’s CENTENNIAL DovBLE-PoLE MEMBRANE TELEPHONE. 


(Same size as the single-pole telephone.) 


BELL’s CENTENNIAL Liquip TRANSMITTER. 


Be.u’s CENTENNIAL Inox Box Mauxrr RECEIVER. 


come out. Please state if that was the arrangement of coil when 
the instrument was used at the Centennial; and, if not, what was 


its ent? 
Ans. No; that was not the t. The holes at the side 
of the instrument and the coil that is now in it were subsequent 4 
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alterations made in pursuance of my researches. The coil used in 
the instrument at the Centennial Exhibition extended from end to 
end of the core, and the terminals were brought out below through 
holes that still exist in the instrument. 
Q. 582. In Mr. Watson’s deposition, page 236, there is printed the 
on awards, which you said was made by Sir William 
1744 son, relating to your electrical exhibit at the Centen- 
: nial. If you have here. the original award will you please 
read from it the parts which are not there printed ? : 
Ans. I will do so. The award is headed: 


“ INTERNATIONAL EXHIBITION, PHILADELPHIA, 1876. 


“The United States Centennial Commission has examined the 
report of the ju and accepted the following reasons, and decreed 
“an award in conformity therewith: 

Philadelphia, December 26, 1876.” 


Then follows the report on awards, as printed on page 236, in Mr. 
Watson’s deposition, after which come the official signatures and the 


attestation, as follows: 
“WILLIAM THOMSON, 
- ad hits “ Signature of the Judge. 
“Approval o u : 
“JE. Hiilgard, E. Levasseur, | 
“James C. Watson, P. F. Kupka, 
“H. K. Oliver, Ed. Favre Perrett, 
F. A. P. Barnard, Charles E. Emery, 
“J. Schudmayer, Joseph Henry. 
“A true copy of the record. 
[SEAL. “FRANCIS A. WALKER, 
| “Chief of the Bureau of Awards. 


“Given by authority of the United States Centennial Commission - 
: “A. T. GOSHORN, 
“Director General. 
“J. R. HAWLEY, 
“ President. 
“J. L. CAMPBELL, Secretary.” 


Q. 583. Will you please uce and read to the examiner a letter 
which you received from ident Barnard, of Columbia College, 
relating to your electrical exhibit at the Centennial? 


(Objected to as irrelevant, and not referred to in the direct exami- 
nation.) 
Ans. It is as follows: 
“International Exhibition, 1876. 


“Bureav or Awarps Gnour, 
“ Unrrep States CenTexniaL Commission, 
“ PHILADELPHIA, August 10, 1876. 
“ Dear Sim: As a me 


he board of judges of the Centen- 
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nial Exhibition for group XXV, I have been much interested 


1745 ina made by Sir William Thomson on your 2 — 
* method of transmitting vocal sounds by telegraph. My en- 
ments were, unfortunately, such as to put it out of m er to 
attend, in Philadelphia, during the month of June, and fore 
was not present when the examination of your apparatus was made 
by the committee of the board. 


„ have now in press a book of which the enclosed circular will 
give you some idea, in the progress of which we have just reached 
the word ‘Telegraph ;’ and the galley proof of the article on that 
subject has just reached me. I am exceedingly anxious to add to 
this article some brief notice of your very remarkable in vention; 
aud I write to you in the hope that you may find it convenient to 
furnish me with a paragraph giving a r account of it, in time. 
for insertion in its proper place. I might, it is true, make an ab- 
stract of Sir Wm. Thompson's still unpublished report, to which I 
have access; but I would rather the statement should be made by 
mr It will be in season if received within the next ten days; 

— it is, of course, desirable that as little time should be lost as pos- 
sible. 

“ May I hope to have the pleasure of hearing from you at your 
early convenience? 

have left Philadelphia for Saratoga. where I shall remain for a 
— two. I stop at a private house. My address is Saratoga, 
simply. 

“Sincerely yours, F. A. P. BARNARD. 

“ Prof. A. Graham Bell.” 


Q. 584. In the deposition of Mr. Elisha Gray, in the Dowd case, I 
find the following extract from the New York Tribune of April 3, 
1877, referring to an exhibition given by Mr. Elisha Gray in New 
on the preceding day : | 

“After the first part of the programme had been executed, Mr. 
Elisha Gray came forward and addressed the audience. He was 
aware that great confusion existed in the popular mind as to what 
this telephone could perform ; in particular it had been confounded 
with the —1 te invented by Prof. A. Graham Bell, of 
Boston. f. Bell, Mr. Gray said, was present in the audience.” 


Were you present in the audience on that occasion, and did the 
incident take place substantially as there stated. 


(Same objection.) 


Ans. I was present, and heard Mr. Gray say substantially what 
has been quoted. 


Adjourned. 


Marca 12, 1883. 
Q. 585. You have told me this morning that you wanted to make 
some addition to your answer to interrugatory 571 ; please do so. 


An Yes; I desire to state that though from the language used 2 
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- contemplate its employment for that purpose. In your English pro- 
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in this paper I know that it is a copy of the specification as I 
1746 wrote it in October, 1875, I can not be perfectly certain that 
the copy was itself made in October, 1875, although it is my 
belief that it was. It was made as a fair copy, not in my handwrit- 
ing. The interlineations and corrections are in my handwriting. 
Q. 586. I observe that the fifteen sheets of which it is composed 
are numbered consecutively and each of them bears at the top the 
initials G. B.“ Are those initials Mr. George Brown’s handwriting ? 
Ans. They are. I saw him write them. : 
Q. 587. The last sheet, which happens to be the sheet of drawings, 
contains on the back this endorsement: 
“ These papers were received by me from Professor Alex. G. Bell 
in the winter of 1875-6, shortly before I left for England. I can fix 


the exact date by reference to my books and papers, but have not 


them at hand now. 


“ Toronto, 12 November, 1878.” 


In whose handwriting is that ? 
Ans. In the handwriting of Mr. George Brown ; I saw him write 


“GEO. BROWN. 


it. a | 

Q. 588. When you had the interview with Messrs. George and 
Gordon Brown, the last of September, 1875, did you state to them 
your inventions of the undulatory current multiple telegraph and 


the speaking telephone ? 
(Objected to as incompetent.) 


Ans. I don’t know. I think not; my impression is that I ex- 
plained only those inventions for which letters patent had been ap- 
plied for in the United States, and that I stated that I would explain 
the new inventions when some definite arrangement had been con- 
cluded between us. 

Q. 589. The three Centennial membrane instruments now present 
are provided with tin cones. Did you always use them with the 
tin cones or how were you in the habit of using those and similar 
instruments in that res during the summer of 1876? 

Ans. I was in the habit of using the instruments chiefly without 
the cones. The cones were placed upon the instruments mainly for 
the pu of giving them a finish when sent to the Centennial 
Exhibition. In laboratory experiments it was my custom to place 
my mouth or ear close up to the membrane as | could get it, but I 
thought the cones would be more convenient for the 22 

Q. 590. In the two judges’ reports I do not find any reference to 
cones ; do you remember whether you used them when you exhibited 
the apparatus in operation June 25, 1876 ? 

Ans. I do not remember. 
1747 Q. 591. You have testified on cross-examination that you 
originally recognized the possibility of using an instrument 
like Fig. 7 of the March 7, 1876, patent as a means for transmitting 
and receiving various pitches used in multiple telegraphy, but did not 
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visional — — which you have said was prepared in October 
or November, 1876, you refer to that use of it as part of the “fourth 


plan.” (Complainants’ exhibits, p. 59.) Had — had any experi- 


ence in the transmission and recognition of different pitches with a 
single instrument at each end, between March, 1876, and October, 
1876, which modified your views in this respect? If so, please state 
briefly what it was. : 

Ans. Yes. I made experiments in Canada with membrane tele- 
phones like those used at the Centennial. I had a triple mouthpiece 
made for one of the instruments, so that three different persons 
could speak or sing to the same membrane telephone, and upon 
listening at the receiver I was able to distinguish one voice from 
another and one pitch from another, even when the three persons 
at the transmitting end spoke or sang simultaneously. 

Q. 592. Was that the experiment or exhibition referred to in an 
article in the Scientific American of September 9, 1876, quoted in 
Mr. Watson’s deposition at the top of page 243? 

Ans. Yes. 

Q. 593. You have stated that you thought that the draught of the 
English provisional specification was used to assist in the prepara- 
tion of the specification of the United States patent of January 30, 
1877; have you compared various portions of the United States 
———— with the corresponding portions of the fourth plan of 
the English provisional specification enough to satisfy yourself, from 
the identity of the language employed, that some portions of the later 
paper must have been copied from the earlier one? 

Ans. I have. 

Q. 594. The English provisional specification contains six “ plans ” 
or parts, and it is the fourth plan which contains the matter cor- 
responding to the United States patent of Jan 30, 1877, and 
9 = telephone with the metallic diaphragm ; 1s that the fact ? 

ns. It is. 

Q. 595. The“ fourth plan” of the English provisional specifica- 

tion also shows, first of all, a membrane instrument exactly 
1748 like the instrument of Fig. 7 of the patent of March 7, 

1876,-with the exception of the shape of one of the cones ; 
does it not? 

Ans. It does. : 

Q. 596. It then proceeds to describe the metallic 2 or in- 
strument, introducing the description of it by the following lan- 


uage: 
«Instead of the cone, membrane, and armature shown in Fig. 19, 
a plate of thin steel may be used. The vibration of the plate in 
front of the magpet, occasioned by the motion of the air during the 
roduction of sound, changes the intensity of the current, as here- 
inbefore described, and occasions a similar motion in a similar steel 
plate in front of another electro-magnet at another station in the 
circuit.” 
Is that the fact? 
Ans. The specification so states. 
Q 597. As this specification introduced at the English patent 
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office for the first time the apparatus, Fig. 7. of your March 7, 1876, 
patent, in its original form there shown, and also introduced the im- 
proved form reached by the substitution of the metallic diaphragm, 
as set forth in your second United States patent, I sup that it 
was proper to state therein the novelty which attached to the first 

roduction of the instrument in its original form, as well as that 
attached to its additional improvements, was it not? 


(Objected to as incompetent and leading; and the production of 
the completed English specification is — called for. , 

Complainants’ counsel says that the English patent is a public 
document accessible to everybody ; that it appears to him to be im- 
material in fact as well as in law, and that he sees no reason for en- 
cumbering the record with it. 

Respondents’ counsel states that the provisional —— is 
only a part of it, and refers to only a portion of the drawings, and 
does not contain the claims; and if it is material to have any part 
of the patent it is material to have the whole.) 


Ans. Certainly. 

Q. 598. As your second United States patent, that of ae 30, 
1877, had been preceded by the first patent, that of March 7, 1876, 
I suppose it was not proper to state therein as a novelty that which 
had already been published to the community by the first patent, 
was it! 

a 1 to as incompetent, leading, argumentative, and assum- 
ing. 

Ans. Certainly not. 

Q. 599. Will you now compare that portion of the United States 
patent of January 30, 1877, which states the use of the instrument 

therein described for the purpose of transmitting articulate 

1749 speech, with that part of the “fourth plan” of the English 

provisional specification which describes the use of the in- 

struments of that plan for the purpose of transmitting articulate 

h, and do it in such a manner as to exhibit whatever verbal 
ifference or identity may exist between them? 


(Objected to as incompetent and immaterial.) 


Ans. I think that these portions of the specifications will be best 
compared by printing them in parallel columns, and I therefore 


arrange them so. 


Enorme Provision AL Specirication. U. 8. Parent or January 80, 1877. 


Whatever sound is made ‘ Whatever sound is made 

in tha — in the neighborhood 

of any telephone, of any tele . 

say T e, re 21, say at J, Fig. 4, 

is n ine is echoed in fac-simile 

by the Te by the tel 

of all the other stations ; of all the other stations 
upon the circuit ; 

hence this fourth plan 7 hence this plan 

is also adapted for the is also adapted for the 
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use of transmitting use of the transmitting 
: intelligitly the exact sounds — the exact sounds 
of late speech. of late speech. 
a * To — — — To eon = — 
' t is only necessary message it is only necessary - 
for the tor to speak for an operator to 
— — hborhood of « | in dhe seighborheod of his 
ephone, sa e, re 21, weer we 
20 K preferably through the tube E, 
and for the receiving and for another 
7 operator at another operator at a distant 
, instrument, say Te, Fig. 28, station upon the same circuit 
f to listen. to listen to the telephone at that 
| If two persons speak — peak 
| two ns 8 two 8 
simultaneously in the simultaneously in the 
neighborhood of the same hborhood of the same 
or different telephones, or different telephones, 
the utterances of the two the utterances of the two 
speakers are reproduced ‘speakers are reproduced 
1750 
simultaneously by all the simultaneously by all the 
other te * 2 the same other on the same 
circuit ; hence, by this plan, circuit; hence, by this plan, 
vocal messages may be a number of 
vocal messages may be 
transmitted simultaneously transmitted simultaneously 
over the same circuit on the same circuit 
in the same or opposite in either or both 
directions, directions. 
with one for the whole 


circuit. and one te ne at 

each station on the line. 

In this plan of transmitting 

vocal — — is only oa 
necessary stre of the 
current should vary in intensit 

as the air varies in density during 
the utterance of the 


Q. 600. It is apparent from comparing the two passages thus 
printed that the one was copied from the other, with certain omis- 
sions, and the alteration of a few.words or expressions, some of 
which are mere verbal or clerical changes. If there are any which 
appear to you to have any significance, will you please to point them 


' out? 
bjection.) 
of 


Ans. The most material difference seems to me to lie in the fact 
that whereas in the English provisional specification the use of the 
telephones, for the purpose of transmitting intelligibly the exact 
sounds of articulate speech, is characterized as “entirely new,” 
these words were left out when the passage was copied into the 
American patent. . 

There is another difference that appears to me to have some sig- 
nification, namely: That the paragraph describing the nature of 

a the electrical variations necessary in order to transmit vocal utter- 
ance was also left out. 
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ay WET introduce in evidence the whole of the deposition. 


of Mr. G. G. Hubbard in the Dowd case, extracts from which are 
found in the cross-question 487, cross-question 489, and cross-ques- 
tion 517, supra. 

(Objected to as incompetent.) 

Q. 601. It appears that you began to write letters to Mr. Hub- 


bard for the purpose of being records of your work ; how long did. 


you persevere in that? 
1751 Ans. I think about ten days or a fortnight. 


Q. 602. The letter of November 26, 1874, from you to Mr. 


Hubbard (referred to in your answer to cross-question 196, page 
177) was the first of those, was it not? 

Ans. It was. 

(At the suggestion of defendants’ counsel the complainants’ coun- 
sel states that he thinks that he has had either three or four of 
those letters; that they refer to electrical experiments relating to 
the production of the sensation of sound by electricity, but so far as 
he recollects contain no reference to the speaking telephone, nor to 
the undulatory current multiple telegraph. e first two letters 
are now present, dated November 26, 1874, and November 27, 1874. 

Several letters written by Mr. Bell in the winter of 1874-5 are 
produced and inspected by defendants’ counsel, and, at the request 
of detendants’ counsel, — of the following are put in evidence: 

1. A letter to Dr. C. J. Blake, dated Salem, December 15, 1874. 

2. A letter from Mr. Bell to his father, Prof. A. M. Bell, dated 
Boston, February 12, 1875. 

3. A letter from Mr. Bell to his father dated “on the train be- 
tween Boston and Salem,” March 5, 1875. The sheets of this letter 
contain also a copy of an agreement between A. G. Bell, Thomas 
Sanders, and G. G. Hubbard, dated February 27, 1875.) 


Q. 603. You stated that you made an oral ent with Messrs. 
Sanders and Hubbard in the fall of 1874, and you have now pro- 
duced a copy of -a written agreement made February 27, 1875; is it 
your recollection that you and they first rested upon an oral agree- 


ment, and afterwards reduced it to writing? 


A. Yes; that is my recollection. 

Q. 604. You have been examined with reference to the dates of 
those visits to Washington and New York in the early part of 1875, 
which are referred to in your letter to your father of March 18, 
1875 (p. 125); please refresh your recollection by looking at the let- 
ters to your father of February 12 and March 5, 1875, as produced, 


and also at the date when you signed the application for your — 
eir 


ent of April 6, 1875, No. 161,739,and state whether you can by thei 
aid fix the date of those visits more accurately. 

Ans. The first letter was written from Boston February 12, 1875, 
and I left for Washington within a few days after. The names of 
the witnesses to the specification referred to show me that it was exe- 

cuted in Washington on the 2d of March, and my letter of 
1752 March 5th to my father and mother was written in the cars 


nd Boston, immediately after my return from — 


en 


am 
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Washi n, and before the second visit to New York, when I made 
the exhibition at the Western Union office, referred to in my letter 
of March 18th. 

The letter of February 12 is written on the back of one of my cir- 
culars, announcing the proposed arrangement of my classes for the 
spring session of 1875, and from this circular I find that my classes 
were to have commenced on the Ist, 2d, and 3d of March. -It was 
to these classes I referred in my letter of March 18, 1875, when I 
stated “I have put off all pupils and classes until the 12th of April.” 


(A sheet of brown wra ing paper is produced, headed “ Experi- 
ments made June 30th, 1875,” containing memoranda of eleven ex- 
periments. They all refer to experiments made with magneto cur- 
rents generated by the vibration of tuned reeds and of vibrating 
permanent m It is marked Bell’s memorandum of experi- 
ments of June , 1875,” and a copy of it is put in evidence at the 
request of defendants’ counsel.) | 


Q. 605. Will you look at the paragraph of your first patent, March 
7, 1876, which er he “The advantages I claim to deve from the 
use of an undulatory current in place of an intermittent one are,” 
and then enumerates five advan and state whether, according 
to your opinion and belief at the time, those advantages ensued from 
the employment of a current which was undulatory instead of inter- 
mittent, regardless of the form of the undulations, or whether the 
attainment of those advantages required the production of some 
special form of electrical undulations as distinguished from other 
forms of electrical undulations? 


(Objected to as incompetent.) 


Ans. I believed at the time that the advantages enumerated en- 
sued from the employment of a current which was undulatory in- 
stead of intermittent, quite regardless of the form of the undulations. 


(Witness produces copies of the preliminary statement in the har- 
monic multiple telegraph interference, dated April 27, 1876, and 
sworn to May 8, 1876, and of his preliminary statement in the tele- 
phone interferences, sworn to November 20, 1878, and they are put 
in evidence at the request of respondents’ counsel.) 


Q. 606. Please state where, and under what circumstances, your 

preliminary statement in the telephone interferences was prepared. 

Ans. It was prepared in the Massachusetts General Hospital, where 

I was at the time under — treatment. I had just re- 

1753 turned from Europe, where I had been since August, 1877. 

Upon landing in Quebec somewhere about November 10, 

1878, I was met by Mr. Watson, who had been sent to Quebec to 
bring me to Boston. I was at the time suffering from a difficulty 
requiring surgical interference, and upon my arrival in Boston I 
was taken at once to the Massachusetts General Hospital, where an 
operation was performed. I understood that it was necessary that 
my preliminary statement in the telephone interference should be 
prepared at once, as an early date had been set, beyond which it 
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(Complainants introduce in evidence the whole of the deposition. 
of Mr. &. G. Hubbard in the Dowd case, extracts from which are 
found in the cross-question 487, cross-question 489, and cross-ques- 
tion 517, supra. 

(Objected to as incompetent.) 

Q. 601. It appears that you began to write letters to Mr. Hub- 


bard for the purpose of being records of your work ; how long did. 


you persevere in that 
1751 Ans. I think about ten days or a fortnight. 


Q. 602. The letter of November 26, 1874, from you to Mr. 


Hubbard (referred to in your answer to cross-question 196, page 
177) was the first of those, was it not? 

Ans. It was. 

(At the suggestion of defendants’ counsel the complainants’ coun- 
sel states that he thinks that he has had either three or four of 
those letters; that they refer to electrical experiments relating to 
the production of the sensation of sound by electricity, but so far as 
he recollects contain no reference to the speaking telephone, nor to 
the undulatory current multiple telegraph. The first two letters 
are now present, dated November 26, 1874, and November 27, 1874. 

Several letters written by Mr. Bell in the winter of 1874-5 are 
produced and inspected by defendants’ counsel, and, at the request 
of detendants’ counsel, copies of the following are put in evidence: 

1. A letter to Dr. C. J. Blake, dated Salem, December 15, 1874. 

2. A letter from Mr. Bell to his father, Prof. A. M. Bell, dated 
Boston, February 12, 1875. 

3. A letter from Mr. Bell to his father dated “on the train be- 
tween Boston and Salem,” March 5, 1875. The sheets of this letter 
contain also a copy of an agreement between A. G. Bell, Thomas 
Sanders, and G. G. Hubbard, dated February 27, 1875.) 


Q. 603. You stated that you made an oral agreement with Messrs. 
Sanders and Hubbard in the fall of 1874, and you have now pro- 
duced a copy of -a written agreement made February 27, 1875; is it 
your recollection that you and they first rested upon an oral agree- 
ment, and afterwards reduced it to writing? 

A. Yes; that is my recollection. 

Q. 604. You have been examined with reference to the dates of 
those visits to Washington and New York in the early part of 1875, 
which are referred to in your letter to your father of March 18, 
1875 (p. 125); please refresh your recollection by looking at the let- 
ters to your father of February 12 and March 5, 1875, as produced, 
and also at the date when you signed the application for your pat- 
ent of April 6, 1875, No. 161,739,and state whether you can by their 
aid fix the date of those visits more accurately. 

Ans. The first letter was written from Boston February 12, 1875, 
and I left for Washington within a few days after. The names of 
the witnesses to the specification referred to show me that it was exe- 

cuted in Washington on the 2d of March, and my letter of 
1752 —— 5th to my father and mother was written in the cars 
ween 


nd Boston, immediately after my return from 


om 


am 
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Washi n, and beſore the second visit to New Vork, when I made 
the exhibition at the Western Union office, referred to in my letter 
of March 18th. 

The letter of February 12 is written on the back of one of my cir- 
culars, announcing the proposed arrangement of my classes for the 
spring session of 1875, and from this circular I find that my classes 
were to have commenced on the Ist, 2d, and 3d of March. -It was 
to these classes I referred in my letter of March 18, 1875, when I 
stated “I have put off all pupils and classes until the 12th-of April.” 


(A sheet of brown wra ing paper is produced, headed “ Experi- 
ments made June 30th, 1875 containing memoranda of eleven ex- 
periments. They all refer to experiments made with magneto cur- 
rents generated by the vibration of tuned reeds and of vibrating 
permanent m It is marked Bell’s memorandum of experi- 
ments of June 30tin, 1875,” and a copy of it is put in evidence at the 
request of defendants’ counsel.) 7 


Q. 605. Will you look at the paragraph of your first nt, March 
7, 1876, which — “The —— I claim to acive from the 
use of an undulatory current in place of an intermittent one are,” 
and then enumerates five advantages, and state whether, according 
to your opinion and belief at the time, those advantages ensued from 
the employment of a current which was undulatory instead of inter- 
mittent, regardless of the form of the undulations, or whether the 
attainment of those advantages required the production of some 
special form of electrical undulations as distinguished from other 
forms of electrical undulations? 


(Objected to as incompetent.) 


Ans. I believed at the time that the advantages enumerated en- 
sued from the employment of a current which was undulatory in- 
stead of intermittent, quite regardless of the form of the undulations. 


(Witness produces copies of the preliminary statement in the har- 
monic multiple telegraph interference, dated April 27, 1876, and 
sworn to May 8, 1876, and of his preliminary statement in the tele- 
phone interferences, sworn to November 20, 1878, and they are put 
in evidence at the request of respondents’ counsel.) 


Q. 606. Please state where, and under what circumstances, your 
preliminary statement in the telephone interferences was prepared. 
Ans. It was prepared in the Massachusetts General Hospital, where 

I was at the time under surgical treatment. I had just re- 

1753 turned from Europe, where I had been since August, 1877. 
Upon landing in Quebec somewhere about November 10, 

1878, I was met by Mr. Watson, who had been sent to Quebec to 
bring me to Boston. I was at the time suffering from a difficulty 
requiring surgical interference, and upon my arrival in Boston I 
was taken at once to the Massachusetts General Hospital, where an 
operation was performed. I understood that it was necessary that 
my preliminary statement in the telephone interference should be 
prepared at once, as an early date had been set, beyond which it 
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could not be filed. My preliminary statement, therefore, gives my 
recollection of the subjects described in it before my recollection had 
been refreshed by the perusal of papers and memoranda that had not 
then been gathered together. 

Q. 607. Please look at the reproduced instruments, marked Com- 
plainants’ Exhibits 49, 50, 51, and 52, and state whether they cor- 
rectly represent some of the forms of the membrane instruments 
which you had in June and July, 1875, and which are referred to 
in your answers to cross-questions 296-316, inclusive (pp. 1578-1588). 

Ans. They do. 


(The six papers referred to in answer to interrogatory 574, each 
of which is endorsed upon the back G. B., 12 November, 1878,” in 
the handwriting of Mr. George Brown, are put in evidence by re- 
)* and marked Gordon-Brown specifications I, II, III, IV, 

I. 


(Adjourned.) 
Marcu 13. 
Cross-examination resumed : 


Cross-Q. 608. Please explain exactly what you mean by the ex- 
pression “electrical diagrams,” which expression you have used 
several times in your testimony. 

(Objected to as matter not gone into in the direct examination.) 


Ans. A diagram that would illustrate the general electrical ar- 
ents described in the specification, and that did not profess 
to be exact drawings of the apparatus, or even to show many of the 
cop — * of — ee 1 * 
Cross- . Assuming a multiple telegraph line equi as 
shown in Fig. 6 of your patent of March 7, 1876, the — 
operator at instrument A could send to the receiving operators at 
instruments A’ A“, which are tuned to the same pitch with A, a set 
of signals at that pitch by electrical undulations which might 
1754 be represented, say, by the curve A in Fig. 4, while at the 
same time the transmitting operator at instrument B could 
send through the same line to the receiving operators at instruments 
Bi N. which are tuned to the same pitch with B, a set of signals at 
the latter pitch by electrical undulations which might be repre- 
sented, say, by the curve B in Fig. 4; am I correct? 


(Objected to as ambiguous.) 


Ans. The electrical undulations produced by the operations of 
the instruments A and B might be represented by the curves shown 
at A and B in Fig. 4, if the armatures produced simple sinusoidal 
vibrations. The form of the curves representing each set of undu- 
lations is not material for the — — of multiple telegraphy. 

Cross-Q. 610. In such case the two sets of undulations imposed 
upon the line simultaneously would assume the resultant form of 
the curve AHB, Fig. 4, and traverse the line in that form, would 


they not? 
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Ans. Ves; if each set of undulations were to be correctly repre- 
sented by the sinusoidal curves A and B then the resultant undula- 
tions on the line might be represented by the curve A+B, Pig 4. 

Cross-Q. 611. If I understand you correctly the curves A+B, Fig. 
4, represent simple sinusoidal vibrations or undulations, do they 
not! 

Ans. Yes. 

Cross-. 612. In case that two such undulations were traversin 
the line simultaneously in the form of the resultant curve A+ 
Fig. 4, then the receiving instruments A! A“, B B', would analyze 
the resultant curve or undulation into its constituent undulations, 
the receivers Al A“ making the undulation A audible, and the re- 
ceivers B B* making the undulation B audible; am I right? 

Ans. If by that you mean that the form of the vibration of each 
receiving reed would be represented by A or B, Fig. 4, you are not 
necessarily right; but if you mean that the frequency of the vibra- 
tion of each receiving reed would correspond to the frequency of 
the vibration represented by the curves A or B, then you are right. 
The receivers A' and A* would produce sounds of the same fre- 
quency or pitch as that. — by A, and the receivers B', F., 
would produce sounds of the same pitch as that produced by B, and 
in this sense they would make the undulations of A and B audible. 

Cross-Q. 613. You have stated that the structure shown in Fig. 5 
of said patent is not adapted for an apparatus intended to transmit 
and reproduce timbre, but that the structure shown in Fig. 7 is 

adapted for such an ae and in answer 542 you have 
1755 given your reasons for this, to wit, that a free-tuned reed like 

that shown in Fig. 5 has a strong tendency to vibrate after a 
law of its own, and it is difficult to make it move at any other rate 
or in any other manner than that which is normal to it; but the 
mechanical structure of the apparatus shown in Fig. 7 adapts it to 
vibrate with substantially equal freedom at all rates and in any 
manner, so that it can copy the shape or the form of any vibration. 
If the membrane shown in Fig. 7 be attached at its center to the 
free end of a tuned spring , like that shown in Fig. 5, will it 
then vibrate with substantially equal freedom at all rates and in 
any manner, so as to copy the shape or the form of any vibration? 

Ans. It would depend a good deal upon the relation between the 
membrane and tuned reed. Each element of the combination would 
retain the tendencies described above, and it would depend upon 
the mass and stiffness of the tuned reed as compared with the mem- 

brane as to which set of tendencies would predominate. 

Cross-Q. 614. Please explain what the relation should be in such 
case to adapt the combined membrane and tuned spring reed to 
vibrate with substantially equal freedom -at all rates and in any 
manner, so as to copy the shape or the form of any vibration. 


(Objected to as new matter.) 
Ans. There should be as much membrane and as little tuned reed 


as ible. | 
Ge 615. Then a membrane a yard wide, with a reed half an 
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inch long, would answer the purpose admirably ; and. if this be not 
so, please explain more definitely what you mean. 

(Same objection.) 

Ans. I did not refer to actual size, but to the mass and stiffness of 
the tuned reed as compared with the membrane. The less mass and 
less stiffness the tuned reed has, as compared with the membrane, 
the more nearly will the combination approach to the conditions of 
a membrane without any reed attached to it, and hence the more 
perfectly will the combination be adapted to vibrate at all rates and 
In any manner, so as to be suitable for the pu of ae 
timbre. Conversely, the greater the mass and the greater the stiff- 
ness of the tuned reed, as compared with the membrane, the more 
nearly will the combination approach to the condition of a free-tuned 
reed without any membrane attached, and the more perfectly will 
it be adapted to vibrate at one rate alone. 

Cross-Q. 616. But my question referred to the reed shown 

1756 in Fig. 5 and the membrane shown in Fig. 7 of said patent 

mentioned in your Ans. 542; and I want to know how that 

reed and that membrane would operate in combination as I have 

indicated, and whether that combination would copy the shape and 
form of any vibration ? | 


(Same objection.) 6 


Ans. I must say I cannot follow your question, for I have already 
specifically stated that these drawings are mere electrical diagrams 
and do not profess to show the mechanical relation between the 
parts specified, and upon this mechanical relation, as I have stated 
above, the result of the combination depends. | 

Cross-Q. 617. Then if such combination be made with the parts 
properly proportioned to each other it will do what either instru- 
ment shown in Fig. 7 will do, and if said parts are not so properly 
proportioned it will not do what said instrument shown in Fig. 7 
will do. Is that the fact? 


(Same objection.) 


Ans. In the former case it may do substantially what Fig. 7 will 
do, but not so perfectly. In the latter case it may do approximately 
what Fig. 7 will do, and this approximation will be greater or less 
accordingly as the tuned reed has greater or less mass and stiffness 
as compared with the membrane. By the expression “ parts pro 
erly proportioned ” I understand that the mass and stiffness of the 
tuned reed is so slight as compared with the membrane that sub- 
stantially and for all practical purposes it is not a tuned reed at all. 

Cross-Q. 618. Assuming it to be a tuned reed to the extent that 
at least it vibrates according to a law of its own when its vibratin 
end is entirely free, and that such tuned reed, as shown in Fig. ö, 
be combined with the diaphragm shown in Fig. 7, then please an- 
swer my last question. 


(Same objection.) 
Ans. For the purpose of reproducing timbre we want a combina- 
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tion that will vibrate as little as possible after a law of its own, and 
as much as ible after the law of the vibrations impressed upon 
it, so that substantially it has no tendency to vibrate after a law of 


ite own, but will copy with substantial fidelity the form of the vibra- 


tions impressed upon it. Now, when a free-tuned reed is combined 
with a diaph so that the reed is enabled to vibrate with sub- 
stantial om at all rates it is substantially no longer a 
1757 tuned reed. This condition cannot theoretically be arrived 
at, but practically by so arranging the elements of the com- 
bination that the mass and stiffness of the reed is insignificant com- 
— — the membrane the conditions may be approximately 
Cross-Q. 619. In the spring of 1876, from March 7 till June 25, 
were you engaged in your proſessional work? 8 


(Objected to as new matter.) 


Ans. Yes. 

Cross-Q. 620. What, if any, change took place in your pecuniary 
circumstances about March 7, 1876, that enabled you after that date 
to go _ with your electrical experiments as well as your professional 
wo a 

Ans. There was not much improvement in my pecuniary circum- 
stances, excepting that I was enabled by economy to support myself 
by the fees received from the members of my normal — and the 
time occupied was of course much less than if the same amount had 
been gained by the instruction of individual pupils. 

Cross-Q. 621. On the papers which you gave to George Brown 
preparatory to his going to England I find endorsed the words 


“ November 12, 1878.” How — — that? 

Ans. I had just returned from Europe at that time, and under- 
standing from Mr. Watson, who met me at Quebec, that interfer- 
ences were arising in the Patent Office, I thought it might be im- 

rtant to obtain from Mr. Brown whatever papers he might have. 

e therefore called on Mr. Brown in Toronto on the 12th of No- 
vember, and at my request Mr. Brown endorsed the papers and 
gave them to Mr. Watson. | 

Cross-Q. 622. Is Mr. Brown living; and, if not, when did he die? 

Ans. Mr. George Brown was assassinated a year or two ago, but I 
do not know the exact date of his death. 

Cross-Q. 623. Have you produced here all the papers which you 
and Mr. Watson obtained from Mr. Brown? 

Ans. I believe so. 

Cross-Q. 624. Referring to your * see patent; the completed 
patent contained other drawings and descriptive matter than that 
contained in the provisional specification which has been put in 
evidence, did it not? 


(Objected to as new matter, not opened upon any examination, as 
— and as calling for secondary and incompetent evi- 
ence. 
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Respondents’ counsel says that he called for the completed 
1758 patent, and expected that complainants’ counsel would put 
— in evidence in his redirect examination, but he declined 

so to do. 
Complainants’ counsel says that it is not a paper which belongs 
to the complainants, or which, in fact, or even presumably, is in pos- 
session of complainants or their counsel or the witness, and that 
neither of them has any means of obtaining it or copies of it, otlier 

than those which the whole community has. 

— eg counsel says that complainants’ counsel has appar- 
ently found no difficulty in finding and putting in a copy of so 
so much as suited him, and he is called upon only to complete the 


Complainants’ counsel says that he has put in evidence a paper pre- 
pared and filed in 1876 in the manner stated; that he has not put 
in evidence a paper filed in 1877 in the lish t office, be- 
cause he conceives it to be wholly immaterial both in fact and in 
law, and that it would be simply an encumbrance of the record.) 


Ans. I believe so, as I remember the specification. 
Cross-Q. 625. It contained drawings substantially the same as 
rs 1 and of your United States patent, dated January, 30, 1877, 
id it not? 


(Same objection.) 


Ans. I suppose so, but cannot remember without reference to the 
specification. What do you mean by “substantially similar?” As I 
understand it, instruments substantially similar to these are shown 
in the provisional specification. 

. 626. It contained claims substantially similar to the 
claims of your United States patent dated January 30, 1877, did it 
not! 


(Same objection.) 


Ans. My recollection is that it contained all the claims of all my 
United States patents, but I cannot be perfectly sure. 

Cross-Q. 627. Have you that English patent here in the house, or 
a copy of it? 

Ans. Yes; I have a copy of it upstairs. 

Cross-Q. 628. I will accept a copy of it instead of the original, 
and will therefore ask you if you are willing to put it in evidence? 
: Ans. I will show the copy to counsel, but will not put it in evi- 

ence. 


Nore.—Witness produces the ordinary official copy printed by 
the British patent office, and hands it to defendants’ counsel. 


Cross-Q. 629. The sectional drawing of your Centennial instruments 
which have been put in evidence, pp. 1685 and 1686,do not 
1759 show the means for adjusting the 2 of the electro-magnets 
towards and from the armatures. If they do, please explain 

how the means are shown. 
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Ans. The standard that carries the electro-magnet has a slot in 
the base, so that it can be moved towards and from the membrane 
and clamped by screws passing into the base-board. One end of the 
core of the electro-magnet passes through a hole in the supporting 
standard. This also appears in the drawing. A set screw is pro- 
vided which clamps this core wherever it may be placed. This set 
screw is not shown in the drawing. 

Cross-Q. 630. In operating those instruments at the Centennial 
you had considerable difficulty in getting them adjusted, or keeping 
them adjusted so as to get words th them, had you not? 

Ans. I do not remember precisely, but do not think so. My recol- 
lection is that they were adjusted before the experiments commenced 
and were not touched afterwards. i 

Cross-. 631. Those who listened at them during that Centennial 
experiment of June 26th failed to hear a good that was said 
through them, did they not? 

Ans. I do not know; I was not present at the receiving end; I 
never heard so. 

Cross-Q. 632. I suppose you com notes at the time with those 
who were at the receiving end, did you not? 

Ans. No; they were nearly all strangers to me. I asked someone, 
I think Mr. William Hubbard, to go to the receiving end and let 
me know whether the listeners seemed to be hearing anything. The 
impression I received from his reply was that they were heari 
very well and were repeating to the audience what 7 
that the audience were cheering or clapping hands. While I was 
speaking to one of the instruments Sir William Thomson came to 

rve what I was doing, and spoke of having understood from the 
receiving instrument a portion of Hamlet's soliloquy upon death, 
which I had just finished — 

Cross-. 633. Did you recite the whole of the soliloquy into the 
instrument? 

Ans. I believe so, but Sir William did not listen to it all. Each 
listener would hold the instrument to his ear for only a short 
time and then hand it to some one else. 

Cross-Q. 634. What instruments did you test on that day at that 

public exhibition ? 3 
1760 Ans. The single and double pole membrane telephones, 
the Centennial iron-box magnet receiver, and some multiple 


tel h apparatus. 
5 ALEXANDER GRAHAM BELL. 
Attest: CHAS. H. 1 ue 


iner. 
Deposition of Alexander Melville Bell. 
| Wasuineton, March 1, 1883. 
Direct examination by J. J. Sronnow, Esq., of counsel for 
complainants. 
Q 1. State your name, age, residence, and occupation, and are 
you the father of Mr. Alexander Graham Bell? 
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Ans. Alexander Melville Bell; I am sixty-four years old; I live 
in Georgetown, D. C.; I have no occupation at present; my last occu- 
pation was that of professor of speech in Kingston University ; I am 
the father of Mr. Alexander Graham Bell. 

Q. 2. Did you live in Canada in the years 1874 and 1875? 

Ans. I did. 

Q. 3. It has appeared that Mr. A.G. Bell lived in Boston and 
Salem during those years, and from time to time visited you in Canada. 
If you have a diary which gives the dates of those visits, will you 

lease produce it and read from it all the memoranda referring to 
him made during the time of each visit? 

Ans. He made a visit to me in the summer of 1874; the entries 
about it in my diary are as follows: 


“Saturday, July 11, 1874. 
Aleck home. 
Tuesday, July 14, 1874. 
_ Aleck off to Bellville. 
Tuesday, July 21, 1874. 
Aleck home. : 
Sunday, July 26, 1874. 
New motor (hopeful). 
Electric speech (?). 7 
Monday, September 7, 1874. 
Aleck in tantrums. . 
5 Full of new schemes. 3 ber 28, 1874. ° 
onday, Septem 
Aleck left.” N 
He made me another visit at Christmas, 1874. The entries in the 
diary about it are as follows: 
| | “ Friday, December 25, 1874. 
Aleck arrived (aft.). 
Saturday, December 26, 1874. 
E. I. and L. dined with D. 
Al’s experiments described. 
Sunday, December 27, 1874. 


Long talk on multipl- teleg. and = trans. Al. ine. 
esday, December 29, 1874. 
Talking half the night motor and telephone. 
Saturday, January 2, 1875. 
Al. left night.” 


He made me another visit in the early fall of 1875. The entries 
about it in my diary are as follows: 
“Saturday, September 4, 1875. 


Aleck arrived. 
Thursday, September 9, 1875. 
Al. hired horse. ‘ 
Friday, September 10, 1875. 
Al. riding. 


Saturday, September 11, 1875. 
Al. home. | 


a ° 


B- 


2 


i Sunday, September 12, 1875. 
Telephone talk — wonderful. 
Electro-hydraulic scheme. 2 
Tuesday, September 21, 1875. 
Al’s teleg. illust. 
n Monday, September 27. 187 
onday, r 27. 1875. 
Aleck left.” l 0 : 
He made me another visit Christmas, 1875. The entries in my 4 
diary are as follows: ; 
“Saturday, December 25, 1875. 
Aleck arrived. . | 
Tuesday, December 28, 1875. 
Aleck to Toronto. 
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ive dates given? 
1874, did he at that time have with him and use or experiment 
with animal membranes or the drum of any ear? 
my belief, during that visit; but my —— is too indefinite to 
be positive. 

4 6. Did he during that visit say anything to you about having 
devised a method for the transmission of speech. And, if so, state 
what you recollect about it. 


long been familiar with his theory on the subject, and I only noted 
the fact after he had informed me of his practical plans. 


explanations by any diagrams. And, if so, state what you recollect 
of those explanations and diagrams. 


as secondary.) 


and endeavored — — to make me u 
operandi, but I can’t recall the details. 


know where they are? 
basket. 
visits referred to he talked with you of the transmission of speech 


and of the telephone; what is the fact about 
. about it much or little? 
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Wednesday, December 29, 1875. 
Aleck home. Agreement with G & J. G Brown. 


Aleck leſt. 
Q. 4. Were those entries made at or about the time of the respect- 


Ans. They were. , 
Q. 5. Referring to the visit which he made you in September, 


Ans. He made such experiments at my house, and, to the best of 


Ans. The entry in the diary shows me that he did, for I had 


Q. 7. Did he at that visit explain to you his plans and aid his 


(Objected to as leading, and contents of the diagrams objected to 


Ans. I only recollect the fact that he made —— 7 lanations 
nderstand his modus 


Q. 8. Have you got those diagrams in your possession, or do you 
Ans. They were not preeerved ; they went into the waste-paper 


Q. 9. I infer from the entries in your diary that at his subsequent 


that, and did he talk 


* oe 
2 ar . 
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Ans. My chief difficulty in remembering what took place at any 
one visit arises from the fact that he was constantly talking about 
the telephone, and that he talked of little else. 


Cross-examination by L. HILL, Esq., of counsel for respond- 
ents: 


Cross-Q. 10. You gave a deposition in the case of Bell Telephone 
Co. e al. vs. Peter A. Dowd in 1879, did you not? . 
17638 Ans. I did. 
Cross-Q. 11. That deposition was as follows, was it not? 


“ Deposition of A. M. Bell 8 Case, Given at Boston July 12, 


“Int. 1. Please state your name, age, and residence, and whether 
you are related to Professor A. G. Bell. 8 

“Ans. My name is Alexander Melville Bell; my age is sixty; my 
residence is in the township of Brantford, Ontario, and Professor A. 
G. Bell is my son. re 

“Int. 2. Please look at the original of the letter of March 18, 1875, 
referred to in Mr. A. G. Bell's fifty-seventh answer; at the original 
of the letter of May 24, 1875, referred to in Mr. A. G. Bell's sixty- 
seventh answer. State in whose handwriting they are; whether 
you received them on or about their respective dates, and in whose 

ion they have remained since you received them. 

“Ans. The letters shown me, dated Salem, March 18 and May 24, 
1875, are in my son’s handwriting. They were received by me in 
due course of post, and have been in my custody until November 
13, 1878, or thereabouts. 

Int. 3. While your son was at your house in the summer of 1874, 
did he say anything to you about any plans he had for the trans- 
mission of articulate speech by electricity ? 

“Ans. He did. 

“Int. 4. Please state what it was, what he said to you, so far as you 
recollect, and if you have any memorandum of that conversation 
made at the time please produce it and read it as part of your an- 
swer. 

“Ans. On July 26, 1874, he explained to me with more detail than 
I could follow, and illustrated by diagrams, certain plans for the 
electrical transmission of speech. I fix the date and fact of this 
illustrated conversation by a note in my diary on Sunday, July 26th, 
1 simply the words New motor (hopeful.) Electric 

„Int. 5. Please state whether during his visits at your house in the 


summer of 1875 he said anything to you about the transmission of 


articulate speech by electricity; if yea, state what you recollect of 
what he said, and if you have any memorandum of that conversa- 
tion made at the time please read it as part of your answer. 

“Ans. On the 12th of September, 1875, I had noted in my diary : 
‘Telephone talk; wonderful; but I have no recollection of the 


details of the conversation. The record undoubtedly refersto what 


44 
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I have been told as accomplished facts. This conversation was held 
with my son on that day. 
Ans. It was. 


| ALEX. MELVILLE BELL. 
Attest: CHAS. H. SWAN, } 
Examiner 


1764 Deposition of Thomas A. Watson. 


Boston, duly 14, 1879. 4 
Direct examination by J. J. Sronnow, Esq., of counsel for i 
complainants: 


Int. 1. Please state your name, age, residence, and occupation. 
Ans. Thomas A. Watson; twenty-five; Boston, Mass.; 
: * of the National Bell Telephone Company. 
3 and how did you first become acquainted with Mr. 
A. G. ? ä 
Ans. By making instruments for 2 rposes for him, 
in the winter of 1874 75, at Charles Williams, Jr. s manufactory, 
109 Court street, Boston. 
Int. 3. What knowledge or experience had you then relating to 
electricity and electrical apparatus ? 

1765 Ans. What I had gained by nearly two years’ practical 
* f experience in Mr. Williams’ manufactory, making electrical 
instruments, and also by study of various works on electricity and 
telography. | 
Int. 4. During the winter of 1874 75 did Mr. Bell speak to you 
about any plans for the transmission of articulate speech; if so, what 
— ae > you about it, and how often did he speak to you upon 
the subject 

Ans. He did. On one occasion, in January, 1875, he told me that 
he had plans by means of which he would cause a telegraph instru- 
ment to utter spoken words instead of making dots and dashes, and 
told me of an instrument he had devised for doing this. I do not 
remember how this instrument was to be constructed. At another 
time, within a month or two of the above date, he told me about 
an experiment he had made at Moses G. Farmer’s laboratory, where 
he had connected a coil of wire in circuit with a galvanometer and 
moved a permanent magnet to and fro in front of the pole of the 
coil of wire, thereby causing the needle of the galvanometer to move 
from side to side as he moved the magnet. 

Int. 5. Whether or not during your connection with Mr. Bell you 
assisted. him in making experiments in addition to making appa- 
ratus? 

Ans. I did. 

! Int. 6. Do you remember using with him tuned reed receivers, 
substantially like that shown in the figures of his eighteenth 
answer? 

+ Ans. I do. 

| Int. 7. Did you ever hear from a single one of such receivers tones 
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of different. pitches transmitted by transmitters of different pitch? 
If so, state how you used the receivers, and whether you did this 
more than once, and state when you first did it. 

Ans. I have heard such tones from one of these receivers by press- 
ing the reed against my ear. I did this many times during the 
winter of 1874 75; certainly earlier than the middle of February. 


(Adjourned to July 15, 1879, at 10 a. m.) 
Boston, July 15, 1879. 


Int. 8. Do you remember the experiment at Mr. Fenollosa’s music- 
rooms in May, 1875? If so, describe it. 
1766 Ans. Ido. We had a line run between Mr. Bell’s labora- 
tory, in Salem, and the music-room in the next building. We 
arranged a current interrupter on the line in the laboratory and 
passed the intermittent current through the strings of a piano at the 
music-room. I remained at the laboratory during the entire experi- 
ment. Mr. Bell was at the music-room during the first part of the 
experiment, but came tothe laboratory afterwards. He told me that 
he could not be sure whether he heard a musical note on the piano 
string or not. We then arranged a harmonic receiver on the line 
at the laboratory, and he directed some one at the music room to 
sound continuously one of the strings of the piano, while he listened 
at the receiving instrument. My impression is that the result of the 
second experiment was the same as the first. I do not think I was 
able to hear anything in the second experiment. 

Int. 9. Do you remember the incident referred to by Mr. Bell in 
his deposition of your plucking a reed, and thereby causing a re- 

ceiver to sound, on June 2, 1875? And, if so, please describe it. 
Ans. I do, perfectly. I do not remember the details of the con- 
nection, but we had a number of current interrupters and harmonic 
receivers arranged in circuit. Mr. Bell had charge of one station in 
one room, and I was in charge of the other station in an adjoining 
room. One of the reeds at my station would not vibrate, and on 
telling Mr. Bell he called out to me to pluck it, which was a 
common way we had of starting a reed if it would not vibrate. This 
produced some effect at Mr. Bell’s station, that caused considerable 
excitement in his mind, as he immediately asked me what I had 
done, and desired me to do it again, which I did. He then showed 
me that the effect of this plucking was to produce a slight vibration 
in the receiving instrument at his station without a battery. We 
then changed the arrangement of circuit and instruments, and tried 
it in various ways, getting the best results for two harmonic receivers 
in the same circuit with or without a battery. 

Int. 10. Do you remember, at or about that time, vibrating a per- 
manent magnet in front of the core of an electro-magnet? If so, 
describe that experiment and the results observed in it. 

Ans. I do, perfectly. We arranged an ordinary electro-magnet in 

circuit with a harmonic receiver and vibrated a horseshoe 
1767 permanent magnet in front of the poles of the electro-magnet, 
and, listening at the harmonic receiver, could hear the musical 
note of the permanent magnet loudly. 
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Int. 11. Please look at the permanent magnet now shown you, 
and which is the one produced by Mr. Bell in answer to Int. 73. 
State whether itis or is not the permanent magnet referred to in 
you last answer, and whether it is or is not in the same condition it 
was in when you so used it. | 

Ans. It is the identical magnet then used, but has since been 
mounted on a standard and painted. ; 

Int. 12. When did Mr. Bell direct you to make the first membrane 
telephone you ever saw, and when did you make it? 

Ans. June 2, 1875, the same day that the experiment noted in 
my ninth answer took place and immediately after it. I think I 
completed the instrument the next day, but certainly within three 


days. 

Int 13. Describe the first experiment you tried with it. 

Ans. We had a line running from the attic of Mr. Williams’ 
factory to the third story. In the attic we connected to this line the 
membrane telephone. In the third story we connected a harmonic 
receiver. I shouted into the membrane telephone. Mr. Bell listened 

at the receiver. I think he heard nothing. We changed — 

He shouted at the telephone and I listened at the receiver. I could 
hear a faint sound. We were not able to use the instrument but a. 
very short time, as the membrane got torn. I do not remember 
whether there was a battery in circuit or not, but I think we tried 
it both with and without. 

Int. 14. Did you afterwards make a second membrane instrument; 
and, if so, when ? ) 

Ans. I did; some time during the following month or six weeks. 

Int. 15. Do you remember trying two membrane telephones, 
using one instrument as a transmitter and the other as a receiver ? 
If so, state where such experiment was made and the results ob- 
tained in it. 

Ans. I do; the experiment was made on the line described in my 
thirteenth answer. I think the results were a slight improvement 

on what we had previously obtained. My recollection of this 
1768 experiment is confused with those that preceded, extending 
through the month of June, 1875. 

Int. 16. Did Mr. Bell at — time during the month of July state 
to you the practical results which he expected to obtain by the use 
of apparatus similar in principle to the membrane telephones you 
have just spoken of; and, if so, what did he state on that subject? 

Ans. Yes; he told me on June 2 that he considered he had solved 
the problem of transmission of speech by the accidental discovery 
made on that day of the effect produced by plucking the reed. 

Int. 17. Did he after the of June, 1875, at any other time 
during that summer, speak to you of the practical results which 
would be obtained from the invention or discovery he had made; if 
so, how often did he speak to you about it? 

Ans. During June and July we experimented together almost 
daily. He was always confident that by utilizing the June 2 dis- 
covery he could not only transmit speech telegraphically, but could 

overcome the difficulties that prevented the practical use of a har- 
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monic telegraph which he had been working on for the previous six 
months with my assistance. 

Int. 18. Please look at the articles now shown you, which are the 
same referred to in Mr. Bell’s seventy-fourth and eighty-fourth 
answers, and state what they are. 

Ans. They are portions of the first membrane telephones that I 
constructed for Mr. Bell. They are the base board and membrane 
rings of one, and the membrane rings of the other with the cross- 
bar that supported the magnet—an electro-magnet and an ar mature. 

Int. 19. Were the changes which were made, if any, in the month 
of June, 1875, in the uncovered leg and armature of the electro- 
magnet of the first membrane telephone, correctly deseribed in Mr. 
Bell's seventy-fourth answer? If not, state how your recollection 
differs from his, if ‘at all. 

Ans. They are correctly described in that answer. 

Int. 20. Please look at the Complainants’ Exhibit- 19 and 22, put 
in evidence in Mr. Bell’s seventy-sixth and — — answers. 
State whether they are or are not duplicates of the two original 

membrane telephones which you have spoken of and of 
1769 which you have identified some of the parts. State also in 

what respects, if any, they differ from such original membrane 
telephones. | 

A. They are duplicates, with the following exceptions: In Exhibit 
19 the wooden framework is a little heavier, and the armature not 
sn thick. In Exhibit 22 the framework is heavier, armature thin- 
ner, and a different method for adjusting the distance between the 
poles of the magnet and armature is supplied. In the original the 
adjustment was made by sliding the cross-bar that supported the 
magnet up and down in the slots in the sides, as in Exhibit 19. 

Int. 21. State how the armature, Exhibit 21, and its mode of 
attachment to the pole of the magnet compare with the armature 
and mode of attachment first used in the first telephone used in 
June, 1875. 

Ans. I should say there is no essential difference. Exhibit 33 is 
about a sixteenth of an inch shorter, a thirty-second of an inch 
narrower, a thirty-second thicker, and the brass post by which it 
was attached to the membrane slightly longer and of ter diame- 
ter. The mode of attachment of the armature to the pole of the 
magnet is the same as used in that first experiment. 

Int. 22. Please compare the armatures now on Exhibits 19 and 
22 and their mode of attachment with the second armature which 
you Mg onto the membrane telephone of June 2, 1875, and described 

y Mr. Bell in his seventy-fourth answer. 
Ans. The armatures of Exhibits 19 and 22 are a little thinner, 
and the armature is pivoted to the pole of the magnet instead of 
being hinged with leather. 

Int. 23. Please look at Complainants’ Exhibits 20 and 23, and 
state whether they are correctly described in Mr. Bell’s seventy-sixth 
and eighty-sixth answers. 

Ana, They are correctly described in those answers. 

nt. 


ave you tried to transmit articulate speech with the 
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instruments Exhibits 19, 20, 21, 22, and 23? - If so, state when, 
where, and how, and with what results. 

Ans. I have. On Saturday, July 5, 1879, I tried the membrane 
telephones, Exhibits 19 and 22, on a line between two parts of the 
buildin , 40 State street, with the circuits arranged as in Mr. Cross’ 

third answer, using the sheepskin egy Exhibits 20 
1770 and 23, and the heavy armatures, Exhibit 21, and another 

one like it, which I now produce. I carried on conversation 
with Prof. Bell successfully, using three cells bichromate battery— 
the same that Mr. Cross described. 

On Monday, July 7, I placed the instruments in circuit between 
the attic and third story of Mr.Williams’ manufactory, under almost 
precisely the same conditions as the experiment of June 2, 1875. I 
could hear occasionally very faint sounds. The battery used was 
two large bichromate cells. We then carried the instruments to 40 
State street and tested them again on the same circuit as on the 5th, 
with as good results as obtained that day. The a were 
made in the presence of Mr. Bell, Mr. Storrow, Mr. J. B. Henck, Jr., 
Dr. Clarence J. Blake, and Mr. Berliner. 

On the following Wednesday we tried the telephones at 40 State 
street, with the goldbeater’s skin diaphragms in place of the sheep- 
skin diaphragms, and with thin clock-spring armatures, which are 
now on the exhibits. We succeeded in transmitting a few words, 
but I do not think the articulation was as distinct as with the thick 
— — The thin diaphragms also moistened and became 
flabby very quickly. 

(Complainants put in evidence the heavy armature ced by 
the witness, and it is marked “ Complainants’ Exhibit 35, Bell Tele- 
pone of 1875, Duplicate Heavy Armature.”) 


Int. 25. Please state how the results which obtained in the 
trials just mentioned compare with the results ined in the trials 
of June and July, 1875. If there is any difference, state what, in 
your opinion, is the cause of it. 

Ans. In the experiment of July 7, 1879, at Mr. Williams’ work- 
shop, I do not think the results were any better, if as good, as those 
obtained in June or July, 1875; but the results obtained at 40 State 
street on July 5, 7, and 9, 1879, were decidedly better. The reason 
— results were better at 40 State street is, in my opinion, due 
to the fact that we were in a very quiet place, and that we were 
more practised in listening for faint sounds than in 1875. 

Int. 26. Do you, in your experience, find that practice in the use 

of telephones enables a person to hear articulate speech from 
1771 an instrument which, without practice, they cannot hear 
from? State what experience you have had on that subject. 

Ans. In the experience derived from two years’ work in practi- 
cally introducing the telephone I have found that it is almost inva- 
riably the case that a person listening to a telephone for the first 
time is unable to hear — The more powerful the transmit- 
ting instrument the more readily do persons become expert in hear- 
ing the sound. 
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Int. 27. Whether or not you have found among persons who are 
not deaf, and who have had some practice in the use of telephones, 
any considerable difference in their abilty to hear articulate speech 
from weak or imperfect telephones? 

Ans. I have found a great difference. 

Int. 28. Please look at the instrument now shown you ; state who 
made it, what it was made for, and whetber it was one of the instru- 
ments used in the experiments of June, 1875; and, if so, state how 
it was then used. ; 

Ans. I made it. It was made for a receiver for the harmonic 
telegraph that Mr. Bell was experimenting on during the winter of 
187475. The whole of the instrument is not here; the reed and 
clamp are missing. It was used by clamping a reed on that pole of 
the electro-magnet to which the cross-piece is attached, and allowing 
it to project over the other pole, but not in contact with it. The 
bobbin on the pole with the cross-piece was put on in June, 1875, 
for the purpose of experimenting on the discovery made on the 
second day of that month. 5 

Int. 29. How does it resemble the reed receivers which were used 
in the experiment of June 2, 1875, or that one which was used as a 
receiver with the first membrane telephone as a transmitter a few 
days afterward ? | 

Ans. It is similar, and, I think, the same instrument. 

Int. 30. What are the two tall brass posts in line in front of the 
electro-magnet there ? 

Ans. They are portions of what Mr. Bell called his vibratory cir- 
cuit-breaker, which is shown in his patent of June 6, 1876. 

Int. 31. How long is the core of the electro-magnet over which 

the free end of the reed projected? 
1772 Ans. About an inch and one-quarter. 

Int. 32. Will you please add to that instrument a reed and 
clamp such as were on it in June, 1875, in order that the whole may 
be put in evidence as an exhibit ? 

ns. I will do so. ä 

Int. 33. What was that blue coil on the leg which carries the 
clamp put on for, how was it used, and did you find any advantage 
in using it? 

Ans. It was put on in order to ascertain the effect of magnetiza- 
tion of the by a local battery, the blue coil being connected 
directly with a battery, and the other coil with the line wire. The 
battery current was continuous. On vibrating the reed magneto- 
electric currents were induced in the coil connected to the main 
line. I do not exactly remember, but think it made no difference 
oo the battery was connected in the loeal coil or in the main- 
ine coil. 

Int. 34. Did you know, in the fall of 1875, that Mr. Bell was pre- 
paring specifications for his patent of March 7, 1876? And, if so, 
state what you knew about it. 

Ans. I did. I remember hearing Mr. Gardiner G. Hubbard urg- 
ing Mr. Bell to hurry in the preparation of that specification some 
time during the fall of 1875. | 
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Int. 35. Did you, during that fall or winter, hear why the filing 
of the ification was delayed ? 

“4 Ans. i did. Mr. Bell told me that unless he applied for a patent 

in England before he did in the United States he was liable to lose 
his English patent, and I also knew that he was making arrange- 
ments with some one to take out the English patent for him. 

Int. 36. Please look at the exhibits now shown you, marked 26, 
27, 28, and 29, * in evidence at Mr. Bell’s one hundred and forty- 0 
fifth answer. State who made them, and whether they were or were 
not exhibited at Philadelphia, at the Centennial Exhibition. 

| Ans. All four of the exhibits were made by me, and were exhib- 

ited at the Centennial. I knew they were going o be sent there, 

and I saw them there myself. The cone of the liquid trans- 

1773 mitter, Exhibit 29, has been broken. The straight part that 

fitted into the transmitter is missing, and it has been muti- 
lated by being converted into a gas stove by myself. 

Int. 37. Was articulate speech transmitted by the liquid transmit- 

r, Exhibit 29, before it went to Philadelphia ? 

Ans. I think it was; if not by that instrument, by a similar one. 

Int. 38. Exhibit 30, Bell’s memoranda of experiments, 1876, are 

pies of the memoranda which he produced in his one hundred and 

rty-ninth and subsequent answers. Did you see those memoranda 
n or about the dates at which they were written ? 
Ans. I did. | . | 
Int. 39. Vour name is mentioned in these memoranda in connec- 
ion with a number of experiments. Were those experiments per- 
ormed by you, or with your assistance, at or abont the times of their 
tive dates? 
ns. They were. : 
Int. 40. Did you know about the other experiments at the time; 
and, if so, how did you come to know about them ? 
Ans. I did. Mr. Bell told me of them, and showed me the notes. 
Int. 41. Please look at the Exhibit 31, referred to in Mr. Bell’s 
one hundred and sixty-third answer; when was it made and first 
used, and for what purpose? 

Ans. It was made on or about July 15, 1876, at Charles Williams, 
Jr.’3, workshop and was intended to be used in the telephones Mr. 
Bell was using at that time. I know this from the fact that the 
shaft projecting from the back piece allowed it to be clamped in the 
ordinar 2 in any of his telephones, and I also helped try it. 


Int. 42. r. Bell, in his one hundred and sixty-fourth answer, 
speaks of e transmission of speech by telephone between Boston 
and CamuJridge by the use of a permanent magnet and without a 
battery. Do you remember thai occasion? And, if so, describe the 
part that you took in it. 

Ans. I remember the occasion perfectly. I was at the Boston end 
of the line, and I think the permanent magnet used was Exhibit 31. 

Int. 43. Did you both listen and speak? ‘ 

1774 Ans. I did; at the same instrument. * 
Int. 44. Did you hear articulate speech when you listened? 5 

Ans. I did; y. 
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Int. 45. Where was the battery which was used in any part of that 
experiment, if any was used ? 

Ans. At the Boston end of the line in my charge. : 

Int. 46. Did you at any time transmit or receive speech over the 
line upon that occasion when the battery was cut off from the cir- 
cuit? 7 

Ans. I did. 

Int. 47. Please look at Complainants’ Exhibit 33, referred to in 
Mr. Bell’s one hundred and sixty-seventh to one hundred and sixty- 
ninth answers; state who made it and when it was made. 

Ans. I made it during June, 1876, and tested it with Mr. Bell 
about the first of July. 

Int. 48. Did you ever see it used as a transmitter for articulate 

h; if so, when? 

Ans. I did, and used it for a transmitter about the first of July, 
1876. 

Int. 49. Have you ever tried in the speaking telephone for the 
transmission of articulate speech diaphragms of different size and 
thicknesses ; if so, what effect did those differences have on the sound 
heard at the receiving end ? 

Ans. I have tried such diaphragms. Keeping the thickness of 
the diaphragms constant and jncreasing the diameter above a cer- 
tain size causes what I term a drummy sound to accompany the 
articulation at the receiving end. Reducing the diameter causes a 
nasal sound at the receiving instrument. The sameeffects are pro- 
duced by keeping the diameter of the diaphragms constant and 
decreasing and increasing the thickness. 

Int. 50. Have you had any practical experience as to the effect of 
taking away in whole or in part the casing which, in the ordinary 
hand telephones, encloses the space immediately behind the dia- 
phragm and round the coil of the magnet? If yea, state what ex- 
perience you have had on that subject, and what is the result of 
making that change. 

Ans. I have. In the summer of 1877 I had some hand tele- 

phones made for practical use, with a portion of this casing 
1775 removed. About twenty-five of these were sent out to our 

agents. I received complaints shortly after that they did not 
work satisfactorily on account of the holes back of the diaphragm, 
and that the agents were obliged to stop up the holes in order to 
_make the instruments work successfully. I made a careful test my- 
self and saw that it would not do to leave the casing open, and had 
a number of telephones then in process of manufacture altered. In 
Indianapolis, in June of the present year, I was using a telephone 
in which our agent had made holes back of the diaphragm; did 
not know at first that the holes were there, and was surprised at the 
difficulty with which I heard the voice of the distant speaker. On 
examining 1 found what the trouble was. On stopping up these 
holes with my — — I could hear much better. In my opinion, 
having the back of the — — would prevent the telephone 


from being used in many cases where there are outside noises; and 


I should consider that i two telephone companies were in competi- 
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tion, one using a closed diaphragm and the other a —— open 
at the back, the former company would have a great advantage over 
the latter company. 

Int. 51. Please look at the instruments now shown you, marked 
“ Complainants’ Exhibits 36 and 37,” referred to in Prof. Cross’ third 
answer; state whether they were made under your direction and 
who made them. 

Ans. They were made under my direction by Edward. Wilson, 
one of Mr. Williams’ workmen. 

Int. 52. Where or how did you obtain directions as to the size of 
the instrument, of its armature, of its magnet, etc., as well as its 
general construction ? 

Ans. I made careful measurements of two instruments introduced 
as exhibits in Mr. E. S. Renwick’s deposition in New York, and the 
instruments were constructed in accordance with these measure- 
ments. 

2 What directions did you give the workman who made 
them 

Ans. I gave him rough drawings with the measurements marked 
on them. They were sufficient ſor him to work by. 

Int. 54. Were the instruments 38 and 39, referred to in 

1776 Prof. Cross’ fourth answer, made under your direction? If 

so, state what directions were given to you as to size, shape, 
arrangement, etc. 

Ans. They were. A tracing of the drawings filed by Mr. Bell in 


the Patent Office, with his application for the patent of March 7, 


1876, was given to me by counsel, with a request that I should have 
made a pair of instruments exactly like those shown in the tracing 
and of the same size. The drawing was given to Edward Wilson 
by me, and he was directed to make the instruments, which he did. 

Int. 55. Please look at the instruments 40 and 41, referred to in 
Prof. Cross’ fifth answer, and state whether they or any part of them 
were made under your direction, and where and how you procured 
the parts that were not made under your direction. 

Ans. They were made under my directions, with the exception of 
the membranes and mouthpieces. The latter are the regular mem- 
branes and mouthpieces, known as the lovers’ telegraph, which 
operate by a string stretched from one membrane to the other. I 
purch them on the street during April or May of the present 
year. 

Int. 56. Who made the paris that were made under your direc- 
tions, and what directions did you give him about making them 
and about the size of the parts? 

Ans. Edward Wilson. I gave him the size of the core, coil, and 
armature; told him how I wanted it fastened to the tin mouthpiece 
and left the rest to his discretion. 

Int. 57. What determined you in fixing upon the size of the core, 
coil, and armature which is found in these instruments? 

Ans. I made them in the sam ral proportion as those repre- 
sented in Mr. Bell’s March 7, 1876, patent. I took no measure- 
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Int. 58. Please look at the instruments Exhibits 42 and 43; state 


whether they were made under your direction. And, if so, what 
instructions were given you about making them. 

Ans. They were made under my directions and were modeled 
after Exhibits 36 and 37, except as regards the method of adjusting 
the tension of the diaphragm and the omission of the slide which 

carries the mouthpiece of 36 and 37. 
1777 Int. 59. Who made them, and what directions did you give 
to the workmen about making them ? 

Ans. The mouthpieces were made by a tinsmith outside of Wil- 
liams’ shop, whose name I forget. The wooden rings were turned 
by a wood-turner in Williams’ employ from a rough drawing which 
I furnished. The rest of the instruments were made by Oscar 
Ziegler, one of Charles Williams, Jr.'s workmen. The latter worked 
from one of the instruments, 36 or 37. The diaphragms -were, | 
think, stretched by me. 

Int. 60. Did you stretch any of these membranes except those of 


42 and 48; if so, which? 


Ans. I did not. 

Int. 61. Of what material are these different membranes made? 

Ans. The membranes of Exhibits 36 and 37, 42 and 43, are made 
of parchment such as is used for legal purposes. Exhibits 30 and 
have membranes of goldbeater’s skin. Exhibits 40 and 41 are, I 
think, made of bladder. 

Int. 62. Please look at Exhibits 44 and 45. Were they made 
under your direction ; and, if so, what directions did you have about 
making them ? 

Ans. They were. I was told by counsel to make an armature 
attached to a —— as represented in Mr. Bell's March 7, 1876, 
patent, that could be placed in an ordinary hand telephone, and | 
gave directions and a rough drawing to Edward Wilson, and he 
made the instruments. 

mnt 63. What directions did you give about the size of the arma- 
ture! 

Ans. I do not remember, but it is my impression that I left it to 


Edward Wilson’s discretion. The diaphragms are made of legal: 


parchment. 

Int. 64. Whether or not you have anything to do with making 
the telephones Exhibits 18, 19, 20, 21, and 22—that is, the duplicate 
telephones of 1875? 

Ans. The instruments were not made under my directions, but 
were made while I was absent on a trip west. 

Int. 65. State whether or not these instruments, 36 to 43, 


1778 inclusive, and 19 and 22, are made substantially in accord- 


wii ance with the specification of Mr. Bell’s patent of March 7, 

Aus. They are. 

Int. 66. Did you take part in any or all of the experiments de- 
scribed in answers 3 to 10, inclusive, of Prof. Cross’ deposition? If 
yea, state whether these answers give a correct account of the exper- 
iments you witnessed. 
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Ans. I was present at all those experiments, and I consider the 
answers correct accounts of the results obtained. (Said answers are 
printed at the end of Mr. Watson’s deposition, p. 223, infra.) 

Int. 67. Please look at Complainants’ Exhibit 28, Bell's Centennial 
Tron Box Magnet Receiver, and state whether you know that that 
instrument, or one like it, was ever used as a transmitter of articu- 
late speech ; and, if so, when for the first time? | 

Ans. I remember using this as a transmitter by placing my hand 
over an iron plate laid on the top of the tube and talking under m 
hand against this plate. This was some time during May, 1876. It 
was somewhere near the date of the presentation to the American 
Academy of the paper Complainants’ Exhibit 46. That paper ap- 
pears to have been presented May 10, 1876. Mr. Bell was at the 
other end of the line listening at the receiving instrument, 


(Adjourned to Thursday, July 17, 1879, at 10 a. m.) 


Boston, July 24, 1879. 

Int. 68. In the memoranda of trials, Exhibit 30, near the end, I 
find a drawing of a box telephone, which is described as follows: 

“4. Instruments shown in Fig. 3 were constructed somewhere 
about the 19th or 20th of October, before Mr. Watson left for Phila- 
delphia, and they are still the instruments preferred. The electro- 
magnet was placed in a box, B, of wood. e front of the box was 
then cut away and a sheet of thin steel, A, was screwed on to it by 
screws 8883." 

Do you remember making that instrument; and, if so, when? 

Ans. I remember, perfectly, making the instruments about the 
— of October, 1876. I made two that were almost precisely 
similar. 

Int. 69. When you first made them, did you put in permanent 
magnets, or simply soft-iron cores without any permanent magnet? 

: Ans. I put in soft-iron cores without any permanent magnet. 
1779 Int. 70. Did you ever change them by putting in permanent 

magnets instead of the soft-iron cores; and, if so, when ? 

Ans. I did; about the middle of November, 1876, I substituted 
for the soft-iron cores in these two instruments hardened steel per- 
manent magnets. 

Int. 71. After the middle of November, 1876, did you habitually 
use for your regular trials and experiments and other uses of speak- 
ing telephones instruments with permanent magnets and without 
a battery, or instruments with soft-iron core,.electro-magnets, and 
batteries ? 

Ans. I do not think we discarded the electro-magnets and battery 
altogether till about the first of December, but used one about as 
much as the other till that time. 


not provided with a cover to enclose tightly the electro-magnet and 
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Ans. I know of none. 

Int. 74. What kind of telephones are in practical use which are 
not provided with a perforated cover in front of the diaphragm, 
forming a thin chamber in front of the diaphragm, with an opening 
to — into or to listen at? 

Ans. I know of none. 

Int. 75. Have you tried, in the speaking telephone, the use of an 
instrument which has a tube, of some considerable length, for the 
sound to travel through between the diaphragm and the operator, 
as compared with telephones in which the part in front of the disk 
is constructed like that part in Complainants’ Exhibit 25, Bell Hand 
Telephone? 

Ans. I have. 

Int. 76. What practical difference do you find with regard to the 
distinctness with which articulate speech is transmitted between 

these two forms? 
1780 Ans. I find there is no practical difference. 

Int. 77. In the receiving instruments ordinarily used in 
— telephones how close is the ear of the listener commonly 
placed to the diaphragm? 

Ans. Rather less than half an inch. 

Int. 78. Are there any speaking telephones in practical use in 
which, either in the transmitter or receiver, a diaphragm is placed 
in contact with or resting upon the pole of an electro- magnet? 

Ans. I know of none. , 

Int. 79. What is the practical effect of having them in contact as 
compared with having them close to each other, but so that they 
never touch ? ; 

Ans. In all cases that have come under my observation, the in- 
struments work so much more poorly when the diaphragm is in con- 
tact with the pole of the magnet as to render them impracticable for 
use and to necessitate readjustment. 


(Adjourned.) 

Boston, July 25, 1879. 

Int. 80. Please look at the description of the trials of June 2, 1879, 
at No. 40 State street, Boston, given in Dr. Blake’s deposition in his 
eighth, ninth, tenth, eleventh and twelfth answers, and state gener- 
ally whether that description is correct. 

Ans. 1 have looked at the description, and think it substantially 
correct, except that a good many sentences were transmitted, and 
other parties listened and talked besides Dr. Blake.* 

Int. 81. Please describe — the construction, mode of opera- 
tion and size of parts of the common Morse relays or sounders in 

common use. 
1781 Ans. A Morse relay consists of an electro-magnet fastened 
to a base, having a lever pivoted at one end, to which is at- 
tached an armature of iron opposite the poles of an electro-magnet. 


_ *See Mr. Watson’s Int. 113, page 307, infra, and Dr. Blake’s deposition, page 335, 
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This lever is pulled away from the — by a spring. and 
i rts 


its motion is limited by adjustable screws. e size of 

varies greatly in different instruments. The length of the electro- 
magnet ranges from three-fourths of an inch to four inches, the re- 
sistance from ten or less to three hundred or more ohms. The arma- 
ture is usually about a sixteenth of an inch thick, half an inch 
wide, and an inch and a half long, with the lever two or three inches 
long. Its operation is as follows: When the key is depressed at the 
transmitting station an electric current passes through the coil of 
the electro-magnet, which draws the armature towards the cores. 
When the current ceases the spring draws the armature back. 

Int. 82. Please describe the difference between such a relay and a 
polarized relay. 

Ans. In a polarized relay the cores and armature are magnetized 
by being fastened to a permanent magnet and the retractile spring 
is usually omitted. It is usually operated by reversing instead of 
merely making and breaking the electric current. The armature is 
— to one pole of the permanent magnet and its free end plays 

tween two prolongations of the cores of the electro- et. The 
length of the armature varies from an inch and a half to four inches, 
the length of the cores from about one inch to two inches and a half. 
These dimensions are of instruments that have come under my ob- 
servation, but they are sometimes made greater or less. I believe 
that in some instruments the armatures and cores are polarized by a 
battery and coil instead of a permanent magnet, but the effect is the 
same in either case. 

Int. 83. Are you acquainted with any electric bell in practical use 
in which the moving portion consists of a lever pivoted at one end 
and acted upon by an electro-magnet through the coils of which an 
electric current is passed. And, if so, describe it and the size of its 


1782 Ans. Iam. The lever is about five inches long and con- 

sists of a strip of iron about three inches long, one-eighth 
thick, three-eighths wide. This iron has attached to one end a wire 
about two inches long, with a metal ball on its end to strike the bell. 
The armature is pivoted at the other end on one pole of a perma- 
nent magnet and plays between the two cores of an electro-m 
which is fustened on the other pole of the permanent magnet. e 
current which actuates this armature is a reversed current produced 
by a small dynamo-electric machine. The effect of the current is to 
cause the armature to move rapidly toand fro, having an amplitude 
of motion of a quarter of an inch. This apparatus is an ordinary 
form of what is called a magneto bell. 

Int. 84. Please state how rapidly the vibrating lever is caused to 
move in the ordinary operation of the instruments you have de- 
scribed, specifying as to each. 

Ans. I should say about ten times per second; but it can be made 
to move more rapidly. 


1784 


. Cross-examination by CavustEN Browne, Esq., of counsel for 
defendants: 


Cross-int. 85. Describe what you mean by the harmonic receiver 
which was arranged on the line on the experiment at Mr. Fenol- 
losa’s music-rooms in 1875, as mentioned in your eighth answer. 

Ans. It consisted of an electro-magnet made by attaching a round 
core of soft iron with a coil of wire round it to one end of an L- 
shaped piece of iron, and to the other end of this piece of iron was 
— 4 a piece of spring steel, projecting over the end of the core, 
about an inch and a half long, five-eighths wide, and a fifteenth of 

an inch thick. 
1783 Cross- int. 86. In the making of the various membrane 
speaking telephones for experiment or for use as exhibits in 
this case from the time that your employment with Mr. Bell began 
until now, what has been the course of proceeding as to the mem- 
branes to insure their having in the instrument the requisite stiff- 
ness and elasticity ? 

Ans. They were moistened, stretched over the ring upon which 
they were to be mounted in the instrument when in a moist condi- 
tion as tightly — and tied with a string or wire. 

Cross-int. 87. Was anything else done to them ? 

Ans. Nothing, except to let them dry and attach the magnet, and 
on one occasion I gave directions to have them shellacked in order 
to prevent their absorbing moisture from the breath. The only 
membranes that were shellacked are Exhibits 44 and 45, 38 and 39. 

Cross-int. 88. Why did not the others require to be shellacked for 
the same purpose ? 7 

Ans. Those that were shellacked were so treated to see if any 
benefit arose from it, and as no necessity arose for talking to the in- 
struments any length of time I did not have the others shellacked. 
Some of them were made before the idea struck me of shellacking 
the diaphragm. | 

Cross-int. 89. The other instruments were, if I understand you, 
not subjected to any use which showed the necessity of shellacking, 
showed no imperfection in working which might be remedied by 
shellacking, did they? 

Ans. Yes; I tuink all of the instruments would have been im- 
proved if they had been shellacked, as it would have prevented their 
— moisture, which I have always found has been an imper- 

ection. 

Cross-int. 90. How long do you think a stretched membrane could 
be exposed to the moisture of the human breath by actual use in 
talking against it without becoming flabby so as to require to be re- 
placed or restretched ? 

Ans. I think it would become somewhat flabby in rather less than 
half an hour. 

Cross-int. 91. I mean flabby to that degree to render it unsuitable 
for use in the instrument. 

Ans. It depends upon the material of which the membrane 
1784 is composed. With a legal parchment diaphragm, which is 
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as — as anything, I should say that one hour's constant use 
would render it inoperative. 

Cross-int. 93. How would it be with goldbeater’s skin? 

Ans. It would become useless very much mere quickly. 

Cross-int. 93. When the membrane to this useless condition 
of flabbiness what is to be done; does the instrument require a new 
one or can you restore the old one to its efficiency, and how? 

Ans. If it is provided with a means of adjustment it can easily be 
tightened. If there are no means of adjustment it is sufficient to let 
it dry and it will then work as before. 

Cross-int. 94. And while it is drying you must get along without 
using the telephone, I suppose? 

— Certainly. It is necessary in order to have it dry to stop 
speaking to it. 

Contes 95. In some of the experimental or exhibit membrane 
telephones which have been put in evidence in this case the arma- 
tures are heavier than in the others. What do you understand to 
be the rule in the construction of membrane telephones, such as are 
— — to be shown in the Bell patent of 1876, for determining 
within reasonable limits the weight of the armature for a membrane 
of one or another diameter, thickness, or material ? 

Ans. I have no rule. The first armature, Exhibit 24. is about the 
size of the armature of an ordinary Morse relay, and I think I fol- 
lowed the relay as a model. I have found, however, that it makes 
very little difference, within reasonable limits, what the weight of 
the armature is. 

Cross-int. 96. Now, please state what you understand by reasonable 
limits, outside of which it will make a difference. 

Ans. I should expect to get good results out of an armature a 
sixteenth of an inch wide, one sixty-fourth thick, and an inch or two 
in length, and also from one two inches wide, a quarter of an 
inch thick, and the same length or longer; the length of the arma- 
ture to bea little ter than ove-half the diameter of the membrane 
to which it is to be attached. 

Cross-int. 97. Using, I suppose you mean, for each of these arma- 

tures one and the same membrane? 
1785 Ans. If the membrane was as large and thick as in Ex- 
hibits 20 and 35 any of these armatures could be used with 
good results. I do not think the difference in the results would be 
very great. 

Cross-int. 98. I suppose you mean that ordinarily a membrane 
sarge and thick enough to actuate a heavy armature will actuate a 
light one —— well? 

Ans. That has been my experience. 

Cross-int. 99. Now as to the conyerse: A membrane thick and 
strong enough to properly actuate a light armature will not for that 
reason answer for a heavy armature, will it? 

Ans. There is such a thing as getting an armature too heavy for 
a membrane, and I do not think the diaphragm of Exhibits 38 and 
39, baby telephones, would actuate the heavy armature, Exhibit 21, 
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while it might actuate one twice as heavy as that now attached 
to it. 

Cross-int. 100. Is there any way of determining beforehand the 
weight of the armature to be used relatively to the thickness and 
size of the membrane desired to be used? 

Ans. I have no way, and know of none. 

Cross-int. 101. Do you know what conditions about a membrane 
affect or determine what is known as its fundamental rate of vibra- 
tion? mee 

Ans. I think the diameter, thickness, and material of which 
the membrane is composed determine the fundamental of the mem- 


rane. 
Cross-int. 102. Does its degree of tension also enter into the ques- 
tion ? 
Ans. It does. 
Cross-int. 103. Do you know what is the effect of subjecting a 


metallic diaphragm to tension as to its efficiency for the purposes of 


a king telephone? 
ns. I do, I think. 

Cross-int. 104. What is it? 

Ans. If the tension is that produced by hammering the metallic 
diaphragm into a concave form it does not work ‘as well as if it 
were flat. If simply stretched laterally I do not think it would 
make any difference; but if a metallic diaphragm is clamped very 

tightly the transmitted speech is sometimes accompanied by 
1786 overtones. This does not by any means render the instru- 
ment inoperative. 

Cross-int. 105. What effect does it have upon the transmitted 
speech ? 

Ans. It causes a disagreeable overtone to accompany the voice in 
the receiving instrument. : 

Cross-int. 106. Has this accompanying overtone no effect upon 
the distinctness of the sound or articylation to the listener’s ear! 

Ans. If very strong it renders the articulation somewhat indis- 
tinct, but if slight is not noticeable. 

Cross-int. 107. Upon what conditions of the clamped diaphragm 
does it depend wlfether the accompanying overtone be strong enough 
to make the articulation indistinct or not? 

Ans. If the diaphragm is clamped very strongly between two 
metal surfaces the overtone is stronger than if it is clamped loosely, 
but I have found, where a telephone is very indistinct, that it is due 
to some imperfection in the diaphragm, such as a dent or a warp. 

Cross-int. 108. Is Mr. E. L. Wilson, who has testified for the coin - 
plainants here, in the employment of Prof. Bell? 

Ans. He is not. 


Direct examination resumed : 


Int. 109. In making the experimental instruments constructed 
by you or under your direction since the 1st of April of this year, 
as stated in your direct examination, did you or did you not change 
the armatures after the instruments were first made and tried ? 


— ATI nr tm 


e - 


1787 


Ans. I did not change any of the armatures. 
(Complainants put in evidence the harmonic receiver referred to 


* by the witness above and taken by him for additions, and it is 


marked Complainants’ Exhibit 48, Bell’s Harmonic Receiver. W. 


P. Preble, Jr., examiner.”) 
, THOMAS A. WATSON. 


Attest: W. P. PREBLE, In., 
Examiner. 


1787 Answers of Prof. Oroas in the Dowd Suit, Referred to in Mr. Wat- 
son’s Answer Sizty-siz, page 214, supra. 


Int. 3. Have you ever tried to transmit articulate speech with 
this pair of telephones, Nos. 36 and 37; and, if so, under what cir- 
cumstances, and with what result ? 

Ans. I have tried a large number of experiments with these, and 
certain other telephones of similar construction. The following are 
the general circumstances under which these experiments took place: 
The transmitter was placed in room No. 42, Union Building, on 
State street, Boston; the receiver was placed in the office of Mr. J. J. 
Storrow, in the same — story lower. The two rooms are 
separated by an open court, about one hundred feet long, so that no 
sound was transmitted through the air. The windows were kept 
tightly closed during the experiments. I was at the receiving end 
through most of the experiments. My assistant in the department 
of physics in the Massachusetts Institute of Technology, Mr. J. B. 
Henck, Jr., was at the transmitter. The battery was three 
Bunsen’s cells, with chromic acid solution in the porous cups. The 
first experiments were made June 5, 1879. The messages were sent 
from the transmitting to the receiving end through a wire connect- 
ing the two instruments. A second wire was used for a return cir- 
cult. My results were verified by having the message ted 
through a second circuit, embracing two ordinary hand telephones. 
Several different persons spoke into the transmitting instruments. 
With the telepones described, and marked 36 and 37, singing, laugh- 
ing, and.articulate speech were transmitted so as to be clearly un- 
derstood. Both sentences and regular and irregular counting were 
distinctly understood at the receiving end. In several cases I recog- 
nized the voice of the person speaking. Afterwards I went to the 
— end and communicated with Mr. Henck at the receiv- 
ing end. 

nt. 4. Please look at the telephones now shown you, and marked 
“Complainants’ Exhibits 38 and 39, Baby Membrane Telephones.” 
Give a general description of them, and state whether you have ever 
attempted to transmit articulate speech with them, and under what 
circumstances and with what results. 


1788 (Complainants' counsel puts in evidence two telephones, 
marked “Complainants’ Exhibits Baby Membrane Telephones, 
38 and 39. W. P. Preble, Jr., examiner.” 


Ans. The transmitter is of the same general construction as the 
30—1047 
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transmitter already described, but differs greatly in size. The same 
is true of the receiving instrument. The cone is of wood about an 
inch and a half in length, and the large end about an inch and a 
half in diameter—the membrane not quite an inch in diameter. 
The vibrating armature is half an inch in length, and the electro- 
magnet is of proportionally small dimensions. The cone of the re- 
ceiving instrument is also wood, about an inch and a half in length; 
the large end, which is closed by a membrane, is not quite an inch 
in diameter. The armature and electro-magnet are of the same size 
as those of the transmitter. These instruments have the same 
dimensions as those represented in a certified tracing from the draw- 
ings in the original specification of Fig. 7 of Bell’s patent, 174,465, 
March 7, 1876. The general arrangements for the experiments with 
these telephones in actual use were the same as those already de- 
scribed, the trial being made on the same day. Several distinct sen- 
tences were transmitted, until I was perfectly satisfied that they were 
capable of transmitting articulate speech. 

nt. 5. Please to look at the pair of telephones now shown you, 
marked “Complainants’ Exhibits 40 and 41, Lovers’ Electric Tele- 
phones.” Give a description of them ; and if you have ever tried to 
transmit articulate speech with them state under what circum- 
stances and with what result. 


(Complainants’ counsel offers in evidence two telephones, marked 
“Complainant’s Exhibits 40 and 41, Lovers’ Electric Telephones. 
W. P. Preble, Jr., examiner.”) 


Ans. Both the transmitter and the receiver, which are of precisely 
similar construction, are made from the cylinders and attached 
membranes of the ordinary lovers’ telegraph as sold in the street. 
To these magnets and vibrating armatures have been attached, as 
in the telephones already descri The membranes are about an 
inch and a half in diameter, and are mounted upon tin tubes about 
two inches long. The armature is an inch in length. The experi- 

ments in the transmission of speech with these instruments 
1789 were conducted in the same general manner as those already 

described. Sentences and counting were distinctly trans- 
mitted, and in both directions. The same experiments were re- 
peated on a later day with even better results. 

Int. 6. State whether or not you found any change in the facility 
with which articulate speech could be transmitted by the three pairs 
of telephones you have just described after you had used them con- 
tinuously for any considerable length of time. 

Ans. In several instances I found that as the membrane of the 
transmitter became moist from the breath, in which case it grew 
lax and lost its elasticity, the articulation became less distinct. I 
noticed on one occasion that in the lovers’ telegraph instrument the 
membrane of the transmitter grew damp and articulation was im- 
paired. On transferring the magnet and armature to a new cylinder 
with a dry membrane the articulation again became clear and dis- 

tinct. 
Int. 7. Please look at the pair of telephones now shown you, 
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marked “Complainants’ Exhibits 42 and 43, Adjustable Membrane 
Telephones.” Describe them; and if you have ever tried to trans- 
mit articulate s h with them state under what circumstances 
with what results. : 


(Complainants’ counsel puts in evidence a pair of telephones, 
marked “Complainants’ Exhibits 42 and 43, Adjustable Membrane 
Telephones. W. P. Preble, Jr., examiner.”) 5 


Ans. The general construction of both transmitter and receiver is 
the same as that of the telephones Complainants’ Exhibits 15 and 16. 
They differ, however, from the latter in having an arrangement 
whereby the tension of the membranes can be varied. The mem- 
brane in each is attached to a wooden ring which slides over a second 
wooden ring. By turning three screws connecting the two wooden 
rings the membrane can have its tension increased or diminished at 
will. The instruments described were first experimented with June 
9, 1879. I began by having the membranes of both instruments 
slightly stretched, in which case faint articulation was heard, the 
words being frequently understood. On slackening the membranes 
still further the words became indistinguishable. When the person 
at the transmitting instrument counted before it a noise was heard 
2 = as — as I — —— it in words, was as oe 

8 ? ? P- P- » boop- ? a-hoop, a-noop, 

oben Sas sound for each syllable. I then asked the 
son at the transmitter to pluck the armature with his finger. e 
sound produced at the receiver can be represented by the words 
“boop, boop, boop, boop.” The circuit was then made and broken 
by hand, giving noises, “dub, dub, dub, dub.” The magnet was 
then drawn so far from the membrane that even when the current 

the membrane was still very lax. When my assistant spoke 
into the transmitter I heard a noise which I recognized as a voice, 
but very faint. No words could be distinguished. As my assistant 
counted I heard the noise “boop, boop, boop-boop”—one word for 
each syllable. 

On tightening the membrane this effect ceased and articulation 
was apparent. e membranes were then tightened and the metal 
cones removed from both instruments. Many sentences were then 
clearly transmitted between the two stations. In some additional 
experiments with this telephone performed June 10, 1879, a cornet 
was sounded before the membrane of the transmitter, the cones 
having been removed from both transmitter and receiver. The notes 
were heard at the receiver, but a difficulty arose, as the loud sound 
of the cornet could also be heard through the air, and it was some- 
what difficult to distinguish the notes coming from the telephone 
from the notes thus heard through the air. On putting the iron 
cone on the receiving instrument to remedy this difficulty by shuttin 
out extraneous sounds the various tones of the cornet were h 
very clearly in all their modulations. The best results with the 
cornet were reached when the cone was also on tlie transmitter. 
The cornet was also tried with the telephones 36 and 37, whose dia- 
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h s are not adjustable, the various tones being perfectly audi- 
ble when notes of different pitch were sounded. 

Int. 8. State whether or not the method of straining the mem- 
brane, adopted in Exhibits 42 and 43, is or is not old and well 
known; and, if so, give some instances of its use. 

Ans. The method used in straining the membrane is very well 
known, being substantially that which is adopted in the kettle-drum, 
banjo, and most instruments in which membranes are used. It has 

also been largely used in instruments which, like the pho- 
1791 nautograph, are designed for experiments upon the various 
sounds produced by the voice. 

Int. 9. Please to look at the instruments now shown you, marked 
“ Complainants’ Exhibits 44 and 45, Hand Telephone Membranes,” 
and describe them. If you have ever attempted to transmit articu- 
late speech with them, state in what manner, under what circum- 
stances, and with what results. 


— — counsel offers in evidence two instruments, marked 
“ Complainants’ Exhibits 44 and 45, Hand Telephone Membranes. 
W.P. Preble, Jr., examiner.”) 


Ans. The instruments exhibited consist each of a membrane 
stretched over a wooden ring whose inner diameter is about an inch 
and three-quarters. In each of these an armature a little over an 
inch in length is used, it being hinged at the extremity nearest the 
wooden ring, while the other end is about opposite the centre of the 
membrane and firmly connected with the membrane at that point, 
so if the membrane is set in vibration the armature will vibrate 
with it. 

The cover, mouthpiece, and diaphragm were removed from each 
of a pair of ordinary Bell hand telephones, the magnet being drawn 
backward so that, when the metal plate was replaced by the mem- 
brane and attached armature, the armature could vibrate opposite 
the pole of the magnet without striking it. In the experiments per- 
formed with thisapparatus thesame general arrangements asto place, 
length of line wire, battery power, etc., were used as in the various 
experiments with different telephones previously described. One of 
the hand telephones, modified as described, was used as a trans- 
mitter, the other as a receiver. With these messages were trans- 
mitted in both directions so as to be clearly understood. 

I produce in evidence the two hand telephones used in this ex- 
periment, one of them with the cap piece lengthened out so that it 
can be screwed down over this membrane diaphragm, the other 
being left in its ordinary condition. 


(Marked “ Complainants’ Exhibits 46 and 47, Bell Hand Tele- 
phones. W. P. Preble, Jr., examiner.”) 


Int. 10. State whether in these experiments you tried to 

1792 transmit articulate speech through any or all of the mem- 
brane telephones put in evidence to-day while holding the 
membrane and armature horizontal as well as perpendicular ; and, 
if so, with what results? 
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Ans. A number of experiments were tried with the adjustable 
membrane telephones, Nos. 42 and 43, in which both transmitter 
and receiver were so held that the membranes and armatures were 
horizontal, without producing any perceptible change in the dis- 
tinctness of the articulation. 


1793 Further Evidence for Complainant. 
Boston, Mass., March 10, 1881. 


Depositions of witnesses examined pursuant to the annexed notice at 
ton, Mass., March 10, 1881, and thereafter by adjournments 
duly noted. 


Present: William D. Baldwin, on behalf of Elisha Gray; J. J. 
Storrow, on behalf of A. G. Bell; L. W. Serrell, on behalf of Thos. 
A. Edison ; G. W. Dyer, on behalf of Voelker and Richmond; J. 
W. McDonough, in person. 


Deposition of Thomas A. Watson. 


Tuomas A. Watson, being duly sworn, deposes and says, in answer 
to interrogatories pro to him by J. J. Storrow, Esq., of coun- 
sel for A. G. Bell, as follows: 


Int. 1. State your name, age, residence, and occupation ; and have 
you testified in the case of Bell Telephone Company v. Dowd, and is 
your testimony in that case true ? 

Ans. Thomas A. Watson; twenty-seven years old; I live in 
Everett, Mass., and am an electrical engineer. I have charge of 
the electrical and technical department of the American Bell Tele- 
phone Company, including the manufacture of instruments. I have 
testified in the case mentioned, and my testimony is true. 

Int. 2. Will you state how long you have been en in manu- 
facturing or superintending the manufacturing of electrical speaking 
telephones for Mr. Bell and his licensees, and how intimately you 
have been acquainted with the growth and development of that 
business ? | 

Ans. I have been engaged in the manufacture of telephones since 
the summer of 1875. All telephones that have been made for Mr. 

Bell and his associates have been manufactured under my 
1794 supervision, with the exception of these made by the Amer- 
ican Speaking Telephone Company, which are now in my 


arge. 

Int. 3. Will you state how many electric speaking telephone 
patents were issued in 1876 in the United States! 

Ans. Only one; that of Mr. Bell, No. 174,465, of March 7, 1876. 

Int. 4. How many in 1877? 

Ans. Three; one of Bell, Jan. 30, 1877, No. 186,787, and two of 
McTighe, one Nov. 20, 1877, and one Dec. 18, 1877. 

Int. 5. Can vou tell me about how many patents on or relating 
soos telephones have been issued in the United States since 

? 


Ans. About one hundred and fifty. 
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Int. 6. How many patents for appliances especially adapted to be 
used in connection with speaking telephones, such as telephone 
calls, switches, etc., have been issued in the United States since Mr. 
Bell’s first patent ? 

Ans. About one hundred and thirty. 

Int. 7. Please to state whether or not you assisted Mr. Bell in his 
early exhibitions or most of his exhibitions of his electric speaking 
telephone in 1876 and the first half of 1877, and whether you per- 
— made or supervised the manufacture of the electric speak- 
ing telephones used by him on those occasions ? 

Ans. I assisted him at nearly all of his exhibitions during 1876 
and 1877, and I made nearly all of the telephones used at these ex- 
hibitions. 

Int. 8. Please state the principal exertions and progress made by 
Mr. Bell and his associates in 1876 in the use of his electric speak- 


ing telephone in public and in introducing it to public attention; 


and give as part of your answer any — me or other publica- 
tions of that period which mark or indicate tlie progress made, the 
publicity given to his invention, and the manner in which it was 
rececived by the community. 

Ans. I first produce a drawing of the instrument made by me 
for Mr. Bell, according to his direction, June 2, 1875. It is referred 
to on pages 473 and 539 of the record in the Dowd suit (pp. 138, 
203, supra). 


1795 Bell Telephone of 1875. 


Dimensions: 
Diameter of membrane 4 inches. 
Diameter of spool—— eee 3 
Length of spool ....-.. — —— Sia . es 
. 2 . 
— 1 ͤ —ͤ — ames * 
Depth of tube from mouth to membrane 3 


4 

May 10, 1876, a description by Prof. Bell of his researches in te- 
lephony was read before the American Academy of Arts and Sciences, 
at Boston. This paper was ‘published soon afterwards, and con- 
tained a — — of his electrical ing telephone. as shown 
in Fig. 7 of said patent No. 174,465, an described the transmission of 
speech by it. It also contained a description of an electrical speak- 


— 4. 


— 44 
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electrical circuit supplied with a constant electro- motive force from 
a battery; the particular form indicated was that known as the 
liquid transmitter, referred to in said specification, and was described 
as follows: 

“A platinum wire, attached to a stretched membrane, completed 
a voltaic circuit by dipping into water. Upon speaking to the mem- 
brane articulate sounds proceeded from the telephone in the distant 
room. The sounds p uced by the telephone — louder when 
dilute sulphuric acid or a saturated solution of salt was substituted 

for the water. Audible effects were also produced by the 
1796 vibration of r in mercury in a solution of bichromate 

of potash in salt and water, in dilute sulphuric acid, and in 
pure water.” 

This was published in Vol. XII of their proceedings. 

Two sets of Prof. Bell’s speaking telephones were made by me for 
exhibition at the Centennial Exhibition in Philadelphia, and were 
exhibited there in June, 1876, before the judges of the group and 
many other persons. They consisted of a “ magneto” transmitter 
and receiver and of a liquid transmitter. I saw them there on ex- 
hibition. 

They are referred to on pages 493, 544, 558 of the Dowd record 
(pp. 159, 208, supra). I produce drawings of these instruments as 
0 


ows: 
Bell’s Single- Pole Centennial Membrane Telephone. 


Dimensions: 
1 —8 tKNn—̃ —v— n ———— 8 51 inches. 
Diameter of membrane ..-...------- a 
Ne . 3 
. ̃ ͤr“nb jp 3 


Single- Pole Centennial Membrane Telephone. 
(Sectional view.) 


1794 
1797 Bell’s Double Pole Centennial Membrane Telephone. 


Dimensions: 
« GIEG. 20000. — — — 41 inches. 
Diameter of membrane muta 
Length of ——̃ —— — = 
I —— —— — 3 

Centennial Iron Box Magnet Receiver. 

Dimensions: 
. ncaa tac alloca 1? inches. 
TTT 3 


The diaphragm . of a soft-iron disk laid loosely over the 
top. It has since been lost. 


1798 Bell’s Centennial Liquid Transmitter. 


Dimensions: 
Diameter of membrane ---_~. ......_-_---.-._.-__---_- 3 inches. 
. — a 
Depth of cup ---- ---- ---..----------- ---.- 8 
of cone 5 


E . 
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The depositions of Mr. A. G. Bell and of Mr. William Hubbard 
and of Mr. Elisha Gray, in the suit Bell Telephone Company v. 
-* Dowd, in the United States circuit court for the district of Massa- 

chusetts, describe one public exhibition of the transmission of artic- 
ulate speech by them on June 25, 1876. 

wo reports were made upon Mr. Bell’s said exhibit. One by : 
Prof. Joseph Henry, in “General Report of Ju of Centennial * 
Exhibition, Group XXV.“ 20 and 21, describes the apparatus ° 
and the transmission of speech by it, and is as follows: — 


“General Report of Judges of — — Group XX V, pages 


“The electric telephone and multiple telegraph. 


“The idea of transmitting sounds to a distance by means ‘of elec- 
trical currents has been for several years before the world, and the idea 
) of extension of this to telegraphy was evident, though no one had 
thought it could lead to practical results; but the idea of a multiple 
electrophonic telegraph transmitting simultaneously several different 
musical notes for the simultaneous transmission of different 
1729 messages by one wire is an invention of high scientific char- 
| acter, promising admirable practicable results. Forthe honor 
of this invention there are two claimants, Mr. Elisha Gray, of 
Chicago, III., and Mr. Alexander G. Bell, of Salem, Mass. ese 
inventions are independent of one another and different in the 
| method of producing the result. In the telegraph of Mr. Gray 

several series of waver or impulses are simultaneously transmitted 
through a single wire. These impulses are excited by interruptions 
in the current produced by tuning-forks of different pitches, and 
excite, at the farther extremity of the line, corresponding variations 
in tuning-forks of the same pitch. Thus, if four or five tuning-forks 
are vibrated at the same time at one end of a line, each will excite 
vibrations in its corresponding fork at the other end without affect- 
ing the other forks. The exhibitors of this telegraph inform the 
judges that they are now able to equip lines for actual business with 
A a capacity for carrying, through one wire, eight messages simulta- 
neously, and there is no reason why the number may not be in- 
creased to sixteen. This telegraph may be made ac ee — or 
may be worked forward by relays through greater lengths of line 
1 than the insulation allows in one circuit. 

“The telephone of Mr. Bell aims at a still more remarkable result, 
that of transmitting audible speech through long telegraphic lines. 
| In the improved instrument the result is produced with striking 

effect, without the employment of an electrical current other than 
that produced by the mechanical action of the impulse of the breath 
as it issues from the lungs in producing articulate sounds. To un- 
derstand this wonderful result, suppose a plate of sheet iron, about 
* five inches square, suspended vertically the mouth of the 


speaker so as to vibrate freely by the motion of the air due to the 
speech ; 222 


er iron plate, of the like dimensions, 
31—1047 2 
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similarly suspended before the ear of the hearer of the sound, and 
between these, but not in contact with them, is stretched the long 
telegraphic wire. Each end of this wire is attached to two coils of 
insulated wire surrounding a core of soft iron, the ends of which are 
laced near the middle of the plate, but not in contact with it. 
hese four cores are kept in amagnetic condition by being attached 
at each end of the line to the two poles of a permanet magnet. 
1800 Now, it is evident that in this arrangement any disturbance 
of the magnetism of one of the permanent magnets, increas- 
ing or diminishing it, will induce electrical currents, which, travers- 
ing the long wire, will produce a similar disturbance of the magnet- 
ism of the arrangement at the other end of the wire. Such a dis- 
turbance will be produced by the vibration of the plate of soft iron 
due to the words of the speaker, and the current thus produced, 
changing the magnetism of the soft-iron cores, will, by reaction, pro- 
duce corresponding vibrations in the iron plate suspended before the 
ear of the hearer. The vibrations of the second plate, being similar 
to those of the first, will reproduce the same sounds. Audible speech 
has, in this way, been transmitted to a distance of three hundred 
miles, perfectly intelligible to those who have become accustomed to 
the peculiarities of certain of the sounds. All parts of a tune are 
transmitted with great distinctness and with magical effect. 

„This telephone was exhibited. in operation at the Centennial Ex- 
hibition, and was considered by the judges the greatest marvel hith- 
erto achieved by the telegraph. The invention is yet in its infancy, 
and is susceptible of great improvements.” 


The other report was made by Sir William Tomson, and is as 
follows. It is found in— 


“ Reports on Awards, Group XX V, Centennial Exhibition, pages 130, 131. 
“3. Alexander Graham Bell, Salem, Mass., U. 8. 
“ Graham Bells Electric Telephone and Multiple Telegraph. 


“ Report.—The idea of an electric telephone, or apparatus for 
transmitting sounds to a distance by variations of electric current 
through a wire, bas been for many years before the world, and has 
been realized in several ways, differing considerably in details as to 
the appliances at two points of the circuit for producing the varia- 
tions of electric current and for deriving perceptible effects from 
them. An extension of this idea to some kind of electro-phonetic 
telegraphy was inevitable, even though no one had thought it might 
or could lead to practically useful results. But the idea of a multiple 

electro-phonetic telegraph transmitting simultaneously several 
1801 different musical notes, and using intermissions of these (like 

intermissions of currents in so many separate wires) for the 
simultaneous and independent transmission of different messages 
by one wire, is a very fine invention, of high scientific character, 
promising splendidly useful practical results. 

This invention is claimed by Mr. Graham Bell, and he is entitled 


rs 
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to full credit for it, even though, as I believe is the case, it has been 
also independently invented by others, both in England and Amer- 
ica. 

“A very well worked-out realization of it is given in Mr. Bell's 
— now exhibited. A great practical advantage of the eleetro- 
phonetic multiple telegraph over other methods of — teleg- 
raphy through one wire is that no adjustment is required for vary- 
ing conditions of the line to render the non-interference among the 
different messages perfect. Another even more important practical 
advantage is that it is indifferent between what points of the line 
and in what directions the different messages are being sent. The 
different messages can, in fact, be transmitted from any different 

ints of the line, and each may be read at all other stations 
(whether stations from which others of the messages are being sent 
or not) with practically perfect non-interference. Another im- 
portant advan is that earth currents and lightning discharges 
will never disturb the signalling. . 

Mr. Graham Bell’s apparatus includes an — — and effective 
instrument ſor — making and breaking an electric con- 
tact every time one of his telegraphic musical notes commences and 
ceases to sound. Thus his multiple — may be made self- 
recording (after the Morse or Bain method), or may be worked for. 
ward by relay through ter lengths of line than imperfectness of 
the insulation allows to be worked in one circuit. Mr. Bell showed 
me in action two of these electro-phonetic relays, — quite 
independently the transmission of independent messages by two 
musical notes in one wire. In addition to his electro-phonetic mul- 
tiple telegraph Mr. Graham Bell exhibits apparatus by which he 
has achieved a result of a transcendent scientific interest—the trans- 
mission of spoken words by electric currents through a — 
wire. To obtain this result, or even to make a first step toward it— 
the transmission of different qualities of sounds, such as 
1802 the vowel sounds —Mr. Bell perceived that he must produce 

a variation of strength of current in the telegraph wire as 
nearly as may be in exact proportion to the velocity of a particle of 
air moved by the sound; and he invented a method of doing so—a 

iece of iron attached to a membrane, and thus moved to and fro 
in the neighborhood of an electro-magnet—which has proved per- 
fectly successful. The battery and wire of this electro-magnet are 
in circuit with the telegraph wire and the wire of another electro- 
magnet at the receiving station. This second electro-magnet has a 
solid bar of iron for core, which is connected at one end by a thick 
disk of iron to an iron tube surrounding the coil and bar. The free 
circular end of the tube constitutes one pole of the electro-magnet 
and the adjacent free end of the bar core the other. A thin circular 
iron disk, held pressed against the end of the tube by the electro- 
— — attraction, and free to vibrate through a very small space 
without touching the central pole, constitutes the sounder by which 
the electric effect is reconverted into sound. With my ear pressed 
por this disk I heard it k distinctly several sentences, first 


of simple monosyllables: ‘To be or not to be (marvellously dis- 
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tinct); afterwards sentences from a newspaper: S. S. Cox has ar- 
rived (I failed to hear the S. S. Cox, but the “ has arrived” I 
heard with perfect distinctness); then City of New York,’ Sen- 


ator Morton,’ The Senate has passed a resolution to print one thou- 


sand extra copies, The Americans of London have made arrange- 
ments to celebrate the Fourth of July.’ I need scarcely say I was 
astonished and delighted; so were others, including some other 
judges of our group who witnessed the experiments, and verified 
with their own ears the electric transmission of speech. Thijs, per- 
haps the greatest marvel hitherto achieved by the electric telegraph, 
has been obtained by — of quite a homespun and rudi- 
mentary character. With somewhat more ad vanced plans and more 
powerful apparatus we may confidently expect that Mr. Bell will 
give us the means of making voice and spoken words audible 
through the electric wire to an ear hundreds of miles distant.” 

The judges were Joseph Henry, Sir William Thomson, J. E. 

ilgard, James C. Watson, H. K. Oliver, F. A. P. Barnard, J. 
1803 Schudmayer, E. Levasseur, P. F. Kupka, Ed. Favre-Perret, 
Chas. E. Emery. 

This apparatus, — the transmission of speech by it, were noticed 
generally in the newspapers, and the iu vention attributed exclusively 
to Prof. Bell. I instance the Scientific American of Sept. 9, 1876, 
the Boston Transcript of July 8, 1876, and the New York Evening 
Post of Sept. 5, 1876. : 

' The Boston Evening Transcript of July 8, 1876, contains the fol- 
owing: 

Notes at the Centennial Prof. Bell has also a tele- 
graphic and telephonic apparatus in this department for the trans- 
mission of many messages over a single wire, and of musical and 
articulate sounds by telegraph. The experiments which have been 
made in presence of the Emperor of Brazil, Sir William Thomson, 
and others interested in the subject, have been highly interesting 
and satisfactory in their results.” 


The New York Evening Post of Sept. 5, 1876, contains the fol- 
lowing: 

“Yet the tel hic and telephonic apparatus invented by A. 
Graham Bell should reconcile — this con 2 eo 4 Beli 
has sent a valuable collection that well illustrates the mode by which 
many messages may be transmitted over a single wire, and also the 
ease with which musical and articulate sounds may be transmitted 
by telegraph. * * Spoken words may be thus transmitted.” 


A set of these instruments was given to Sir William Thomson, and 
he is reported to have exhibited them, and explained them and the 
transmission of speech by them, on assuming the chair of the section 
of physical science at the Glasgow meeting of the British Association 
in August, 1876. 7 

The Boston Daily Avertiser of Sept. 25, 1876, says: 


“The following passage, taken from the opening address of Prof. 
Sir William Thomson, on assuming the chair of the section of physi- 
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cal science at the Glasgow meeting of the British Association, will 
be read with interest, as showing the impression made upon an Eng- 
lish student of science by or progress in discovery and in practical 
science: ‘In the Canadian department I heard “To be or not to be,” 

There's the rub,” through an electric telegraph wire; but, 
1804 scorning monosyllables, the electric articulation rose to higher 

flights, and gave me passages taken at random from the New 
York newspapers: S. S. Cox has arrived” (I failed to make out the 
48. S. Cox » The city of New York,” “Senator Morton,” “The Sen- 
ate has resolved to print a thousand extra copies,” “The Americans in 
London have resolved to celebrate the coming Fourth of July.” All 
this my own ears heard, „ to me with unmistakable distinct- 
ness by the thin circular disk armature of just such another little 
electro-magnet as this which I hold in my hand. The words were 
shouted with a clear and loud voice by my colleague judge, Prof. Wat- 
son, at the far end of the line, holding his mouth close to a stretched 
membrane, such as you see before you here, carrying a little piece of 
soft iron, which was thus made to perform, in the neighborhood of 
an electro-magnet in circuit with the line, motions proportional to 
the sonorific motion of the air. 

“<«This, the greatest by far of ull the marvels of the electric tele- 
graph, is due to a young countryman of our own, Mr. Graham Bell, 
of Edinbugh and Montreal and Boston, now becoming a naturalized 
citizen of the United States. Who can but admire the hardihood of 
invention which devised such very slight means to realize the math- 
ematical conception that if electricity is to convey all the delicacies 
of quality which distinguish articulate speech, the strength of its 
current must vary continuously, and as nearly as may be in simple 
— — the velocity of a particle of air engaged in constituting 
the sounds? 


This address, or portions of it, containing the foregoing in full or 
in substance was published in various newspapers. 

A description of the electric speaking — — with wood - cuts of 
the apparatus given by Prof. Bell to Sir William Thomson, and the 
foregoing extracts from Sir William Thomeon’s address to the British 
Association, were published in Engineering for Dec. 22, 1876, and 
reprinted in the Bcientific American supplement, Feb. 10, 1877. 

ese publications attributed the invention to Prof. Bell exclusively. 
The drawings in Engineering are as follows: 


1805 


During the fall of 1876 and the following winter and spring Mr. 
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Bell continued to = sam and operate publicly with his —_ 
ing telephone, and these exhibitions were noticed very generally in 
the newspapers as matters of practical value. I assisted in most or 
= of these. The invention was invariably attributed to Prof. Bell 
alone. 

The Boston Daily Advertiser of Oct. 14, 1876, says: 

At a meeting of the American Academy of Wednesday evening 
Prof. Bell exhibited his wonderful discovery by which sounds may 
be transmitted through wires by means of the electric current. By 
the invention of peculiar apparatus conversation may be carried on 
through hundreds of miles of wires with the greatest ease.” 


The Scientific American of Sept. 9, 1876, contained the following : 
“ The Human Voice Transmitted by Telegraph. 


“Several weeks ago we gave a sketch and description of the thread 
telegraph, consisting of two small tin or wooden cylinders, each 
having a membrane stretched over one end, the two membranes con- 
n by astout thread. * * * 

“Prof. Graham Bell, by a device somewhat analogous, has suc- 
ceeded in transmitting the tones of the human voice by telegraph. 
Instead of the thread, he connects the membranes of. the two cylin- 
ders or drums with the armatures of the electro-magnet, one drum 
being placed at each end of the telegraph wire. In fact, he not long 
ago demonstrated the possibility of conveying vocal sounds by 
means of the ordinary telegraph wires and special appliances for 
transmitting and receiving the sounds. The apparatus used by 

Prof. Bell is thus described: Two single-pole electro-magnets, 
1806 each having a resistance of ten ohms, were arranged in circuit 
with a battery of five carbon elements, the total resistance 
being about twenty-five ohms. A drumhead of golbeater’s skin, about 
two and three-fourths inches in diameter, was placed in front of each 
electro-magnet, and a circular piece of clock-spring was glued to the 
middle of the membrane of each . One of these tele- 
hones was placed in the experimental room and the other in the 
— of an adjoining house. Upon singing into the telephone 
the sounds of the voice were reproduced by the instrument in the 
distant room; and if two persons sang simultaneously the two notes 
were audible at the other telephone. 

“ At the time of the lecture an experiment was made to show the 
transmission of articulate speech, an assistant going into the adjoin- 
ing building, where one of the telephones was placed. Several 
familiar questions were, it is said, understood after a few repetitions. 
The vowel sounds alone are those faithfully reproduced. Diphthongal 
sounds and rotund vowels are readily distinguished, but consonants 
are generally unrecognizable. Now and then, however, a sentence 
comes out with almost startling distinctness, the consonants as well 
as the vowels being clearly audible. Prof. Bell stated that tele- 

honic effects can be produced with three varieties of currente—the 
intermittent, the pulsatory, and the undulatory. The first arechar- 
acterized by the alternate presence and absence of electricity in the 
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circuit, the pulsatory current by sudden changes in intensity, while 
undulatory currents are obtained 2 — changes analogous to 
the changes of density of air produced by vibrations of a pendulum. 
“The most recent trial of Prof. Bell’s instrument was at his resi- 
dence, Brantford, Canada, Aug. 11. The Toronto Globe states that 
instruments were placed, one in the porch of the residence and the 
other in an outhouse on the grounds, and communication between 
these made by ten miles of wire. Musical notes, the human voice, 
and songs spoken and sung before one instrument were plaiul 
audible by placing the instrument to the ear at the other. By this 
invention, too, any number of messages can be conveyed over one 
wire in either direction, provided they have a different pitch ; the 
tones of the voice can pass over the electric wire, enabling the 
1807 hearer at any distance to hear distinctly what he said, and to 
distinguish the voice of the speaker. On Aug. 10 the Pro- 
fessor had communication made with his instrument on the common 
telegraph wire between Brantford and Mount Pleasant (five miles), 
and was spoken with, while in Mount Pleasant, by Prof. D. C. Bell 
and Mr. Griffin, from the Dominion office, in Brantford. On the 
evening of Aug. 12 the Professor tried a new experiment, having had 
an instrument made so that three persons could sing different tunes 
or different parts of the same tune into the instrument at the same 
time. The trial was perfectly successful, the different voices coming 
distinctly over the wire at the same time, so that they could be - 
rately distinguished by the listener. The practical exemplification 
of the lately-discovered system of telephony made by the Professor 
afforded much pleasure and information to those present.” 


The Boston Daily Advertiser of Oct. 19, 1876, contained the fol- 


lowing: 
Telephony. 
Audible speech conveyed two miles by telegraph. 


Prof. A. Graham Bells Discovery. Successful and Interesting Experi- 
ments. The Record of a Conversation Carried on Between Boston and 
Cambridgeport. 


The following account of an experiment made on the evening of 
Oct. 9 (1876), by Alexander Graham Bell and Thomas A. Watson, is 
interesting, as being the record of the first conversation ever carried 
on by word of mouth over a telegraph wire. Telephones were placed 
at either end of a telegraph line owned by the Walworth Manufac- 
turing Company, extending from their office in Boston to their factory 
in Cambridgeport, a distance of about two miles. The company’s 
battery, consisting of nine Daniell cells, was removed from the cir- 
cuit, and another, of ten carbon elements, substituted. Articulate 
conversation then took place through the wire. The sounds, at first 

faint and indistinct, became suddenly quite loud and intelli- 
1808 gible. Mr. Bell, in Boston, und Mr. Watson, in Cambridge, then 
took notes of what was said and heard, and the comparison of 
the two records is most interesting, as showing the accuracy of the 
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Boaton Record. 


Mr. Bett: What do you think was the 
matter with the instruments? 


Mr. Watson: There was nothing the 
matter with them. 


B. I think we were both speaking at 
the same time. 

W. Can you understand anything I 
say? 

B. Yes; I understand everything you 
say. 

W. The reason why you did not hear 
at first was because there was a relay in 
the circuit. 

B. You may be right, but I found the 
magnet of my telephone touching the 
membrane. 

W. I cut this relay out, and then the 
sounds came perfectly. 

B. I hear every syllable. Try some- 
thing in an ordinary conversational voice. 

W. Shall I connect their battery in the 
circuit ? 

B. No; there is no necessity to con- 
nect their battery in the circuit, for the 
sounds come out quite loudly. 

W. I am now talking in quite a low 
tone of voice. 


B. The sounds are quite as loud as be- 
fore, and twice as distinct. ; 


W. Cut out the battery and then talk. 


B. All right; I will cut out the battery 
now if you will keep listening. 
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Mr. Bett: What do you think is the 
matter with the instruments? 


Mr. Watsow: There is nothing the 
matter with them. 


B. I think. . . at the same time. 


W. Can you understand anything I 
say? . 

B. Yes; I understand everything you 
say. 


W. The reason why it did not work at 
first was because there was a relay in the 
circuit. 


B. You may be right, but I find 
that my . . . touches the membrane. 


W. I cut the relay out, and then the 
sounds came perfectly. 


B. I hear every syllable. Try some- 
thing in a conversational voice. 


W. Shall I connect their battery in the 
circuit ? 

B. No; there is no necessity for putting 
their battery in the circuit, as the sounds 
come out quite loudly. 


W. I am now talking in quite a low 
tone of voice. 


B. The sounds are quite as loud as be- 
fore, and quite as distinct. 


W. Cut out the battery and then talk 


B. All nght; I will cut out the battery 
now if you will keep listening. 


(Here an interruption occurred, and after a short time Mr. Bell 


said :) 
B. I thought you were going to say 
ing. 


W. Is the battery cut out? 
B. No; but I will do it now. 


B. I thought you were going to say 
something. 


W. Is the battery cut out? 
B. No; but I will do it now. 


1809 (Battery having been cut out, Mr. Bell continued :) 


B. Do you hear anything now ? 


(Battery replaced.) 


B. Did you hear anything? 
W. No; nota sound. 


B. Say something to me when I cut out 
the battery again. 


B. Did you hear anything? 

W. No; not a sound. 

B. Say something to me when I cut out 
the battery again. 
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(Battery cut out.) 


(Battery 


B. I fancy I heard a trace of your 
vice. 


v 
W. Shall I put on our battery to see if 
it increases the effect ? 


B. I'll tell you what we'll do. We'll 
— off our battery and put on theirs, as 
ore. 


if it increases 


take off our 
theirs, as before. 


W. I could not hear a sound when the 


battery was cut out. 
replaced.) 

B. I fancy I heard a trace of your 
voice 


W. Shall 1 battery, to see 
effect ? 


B. I'll tell you what we'll do. We'll 
battery altogether and put on 


The company’s batteries having been placed in circuit, faint and 
indistinct sounds were heard at the Boston end, and then came the 


intelligible sentence.) 


W. Is our battery off? 


B. Yes; our battery is off. What have 
you been doing? The sounds were quite 
soft at first, but now they are quite loud. 


B. Shall I put in our battery again ? 


W. (Indistinctly heard.) That was 
very indistinct. t on our battery. 


W. Is our battery off? | 
B. (Very indistinct—unintelligible.) 


W. That was very indistinct. Put on 
our battery. : 


(Original battery replaced.) 


B. We may congratulate ourselves upon 
a great success. 


W. Both batteriesareon now. (Another 
sentence heard indistinctly. ) 


B. Repeat the last sentence. 
W. Both batteries are on now. 


B. I understood that before, but thought 
you said something else. 


1810 
W. Remove their battery, please. 


B. All right; our battery is the only 
one on now. 


W. I have put battery cells on here. 
B. How many cells have you there? 


W. 8S-i-x—eix. 
B. Please whisper something to me. 


W. (Sound of the whisper clearly audi 
ble, but th» utterance unintelligible. ) 


B. I could hear you whispering, but 
could not understand what you ‘ 


B. I will try the effect of reversing my 


B. We may congratulate ourselves on 
our great success. 


W. We deserve success. Both batter- 
ies are on now. 


B. Repeat the last sentence: 
W. Both batteries are on now. 


B. I understood that before, but thought 
vou said something else. 


W. Reverse your battery, please. 
B. All right; our battery is the only 


one on now. 
W. I have six Daniell cells on here. 


B. How many cells have you on 
there? 


W. 8-i-x—six. 
B. Please whisper something to me. 
W. Now I am whispering. 


3 hear , bu 
. 
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another. you not 
better reverse yours and see what the ef- 
fect is ? 
B. I will try the effect of reversing my 
battery. 


‘ 


ent 
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(Battery reversed.) 


B. Is this any better? 


W. That sentence was accompanied by 
that curious crackling sound. 


B. Yes; I hear it, too. 
B. What time is it by your watch ? 


B. Is this any better? 


W. Much fainter, accompanied by that 
curious bubbling sound. 


(Battery again reversed.) . 


W. What are you doing? I have not 
heard anything, except ... , for quite 
awhile. 

B. I asked you what time it was by 
your watch. Pe you hear me better 
now, because I have reversed the battery 


again. 

W. My battery is now cut out. 

B. Don’t you think we better go home 
now ? 


W. Yes. But why does your talking 
come out so much fainter now ? 


1811 (Mr. Bell here placed the 


to the membrane.) 


B. Because I had moved the magnet 
further away from the membrane. 


W. That was very much more dis- 
tinct. 


B. Will you try to understand a long 
sentence ir I speak right on ? 
W. I will. 


B. A few minutes ago I heard a fire 
engine — by the door. I don’t know 
where the fire is, but the number of the 
box is 196. ö 


W. The time by my watch is five min- 
utes past ten. Had I not better go into 
Boston ? 


B. Yes; I think it is time to stop 
now. 


W. Shall I go to Exeter place? 


B. Yes; but look in here on your way, 
in case I have not gone. 


W. Let us talk conversationally, with- 
out noting. 


W. What are you eg i I haven't 
heard anything, except t bubbling 
sound, for quite awhile. 


B. I asked you 
. because 1. 
W. My battery is now cut out. 
B. Do you think we had better go home 
? 


W. Yes. But why does your talking 
come out so much fainter now ? 


magnet of the telephone nearer 


B. Because I moved the magnet further 
away from the membrane. 


W. That was very much more dis- 
tinct. 

B. Will vou try to understand a longer 
sentence if I s right on? 

W. I will. 


B. A few minutes ago I heard a fire 


engine t the door. I don’t know 
er the fre is, but the number of the 
box is 196. 


W. The time by my watch is five min- 
utes past ten. I not better gu into 
Boston ? 

B. Yes; I think it is time to stop 
now. 

W. Shall I go to Exeter place? 


B. Yes; but look in here on your way, 
in case I have not gone. 


W. Let us talk conversationally, with- 
out noting. ! 


Conversation was then carried on for about half an hour with the 
utmost freedom, and the experiment closed. 


Int. 9. Before going any further, please to state whether the pre- 
ceding account in the Advertiser of your use of the telephone be- 
tween Boston and Cambridge is substantially correct, so far as it 


goes. 


. — 
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Ans. It is correct. 

Int. 10. Please to continue your answer to Int. 8. 

Ans. The Boston Evenin Transcript of Oct. 19, 1876, says: 

“Telephony— * * * Theregistry of sounds by telegraph has 
now been carried to such a point that the delicate variations in- 
volved in the articulation of human speech are transmitted with 
such — accuracy and distinctness that one may talk with an- 
other through the telegraph as though face to face. 

“ The leading scientific men of the world gathered at Philadel- 

phia last summer — saw the fact accomplished on a small 
1812 experimental scale. Sir W. Thomson was so impressed that 

in his opening address as president of the British association 
he described it at some length, and pronounced it the greatest by 
far of all the marvels of the electric telegraph. Ten days ago the 
test was repeated over an actual out-of-door telegraph between this 
city and Cambridge. The entire success of this experiment marks, 
for all that we can see, a revolution and advance in the world’s 
progress worthy to rank with the practical completion of the first 
printing telegraph in New York city about forty years ago, and with 
the laying of the great ocean cables twenty years 

“The operation of this new and startling development of tele- 
graphic mechanism is thus described by Prof. Thomson in the ad- 

ress referred to: 

4 All this my own ear heard spoken to me with unmistakable 
distinctness by the thin, circular disk armature of just such another 
little electro-magnet as this which I hold in my hand. The words 
were shouted with a clear and loud voice by my colleague judge, 
Prof. Watson, at the far end of the line, holding his mouth close to 
a stretched membrane, sucl> as you see before you here, carrying a 
little piece of soft iron, which was thus made to perform, in the 
nei rhood of an electro-magnet in circuit with the line, motions 
proportional to the sonorific motions of the air. 

We give in another column the interesting account of the — 
tical exemplification of the invention between Boston and Cam- 
bridge. The inventor, Mr. Graham Bell, is a voung Edinburgh 
scientist, formerly of Montreal, but later of this city, and a natural- 
ized citizen of the United States.” 

During the fall of 1876 and the following winter and spring Mr. 
Bell operated publicly his electric ing telephone. I assisted at 
most or all of these exhibitions. ey were noticed very generally 
in the newspapers as matters of practical value. I mention: 

Boston Post, Oct. 20, 1876. : 

Boston Daily Evening Traveller, Oct. 19, 1876. - 

Boston Sunday Herald, Oct. 22, 1876. 

Titusville Herald, Oct. 22, 1876. 

Boston Evening Transcript, Oct. 19, 1876. 
1813 . describe the transmission of speech from Boston to 
ri 

The New York Tribune of Monday, Oct. 23, 1876, says: 

“ The — which Prof. A. Graham Bell has been recently 
making, ive to the transmission of speech by wire, have been 
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quite successful. Two operators were stationed two miles apart, 
one in Boston and the other in Cambridge. The battery ordinarily 
used was replaced by one of ten carbon elements. At first the 
sounds were indistinct, but soon they grew clear and intelligible. 
The operators carried on a long conversation, and on subsequently 
comparing their records ascertained that the tones had been trans- 
mitted with perfect accuracy.” 

An editorial in the New York Tribune of Nov. 9, 1876, contained 
the following: ° 

*The Centennial Exhibition has afforded the opportunity to bring 
into public view many inventions and improvements which other- 
wise would only have been known to the smaller circles that may 
find them of service. * * * The telephone is a new instrument 
of electrical science, more likely than some of the rest to find imme- 
diate use. It operates by transmitting the current through a tuning- 
fork. The fork will only vibrate a given number of times in a 
second. A message can be sent through it by the usual Morse code, 
there — — apparent interference between the tuning - ſurk vibra- 
tions and the message; but at the other end of the line the message 
can be taken off through a tuning-fork in unison with the first. 
Consequently, if a tuning-fork of different pitch is interposed at each 
of several stations served by one wire, and the messages are sent 
through forks of corresponding pitch from the head office, the mes- 
sage to one station will not be repeated at the others during trans- 
mission. 

“Sir William Thomson, at the Glasgow meeting of the British 
Association for the Advancement of Science, gave foreign notoriety 
to another of the Centennial exhibits that has attracted great atten- 
tion from the judges of the up to which it belongs. It is a 


curious device, that might fairly find place in the magic of Arabian 


tales. A membrane is stretched over the end of a short speakin 
trumpet. The membrane carries a small piece of metal, 
1814 which is, so to speak, the armature of a magnet. The mag- 
net forms — of a telegraph circuit, through which a cur- 
rent is passing. To send a message it is only needful to talk loudly 
into the trumpet. 

“The message is received by a similar trumpet with membrane 
and armature at the other end of the line, and that trumpet being 
placed to the ear repeats the sound like an echo. Dom Pedro was 
with the scientific le who tested this instrument on one occa- 
sion ; so accurately did it reproduce sounds that each member of the 

y was in turn recognized by peculiarities in voice or accent. 

e final test was the reading of a paragraph from the news columns 
of the Tribune. Of what use is such an invention? Well, there 
may be occasions of state when it is necessary for officials who are 
far apart to talk with each other without the interference of an oper- 
ator; or some lover may wish to pop the question directly into 
the ear of a lady, and hear for himself her reply, though miles away ; 
it is not for us to guess how courtships will be carried on in the 
twentieth century. It is said that the human voice has been con- 
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end were Prof. Bell, Mr. Nutting, the operator, Mr. E. H. Foster, 
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veyed by this contrivance over a circuit of sixty miles. Music can 
be readily transmitted. Think of serenading by telegraph !” 

Nov. 26, 1876.—We carried on a long conversation on the lines 
of the Eastern railroad, using part of the time a circuit from Boston 
to Salem (fifteen miles), and part of the time a circuit from Boston 
to North way and back to Salem, and part of the circuit from 
— to Portland and back, about two hundred miles of actual 

wire. 
is is noticed in Boston Post, Boston Daily Globe, Boston Daily 
Advertiser, and Boston Herald, of Nov. 27, 1876. 

The Boston Post of Nov. 27, 1876, says: 

“The experiments in electric telephony which Prof. A. Graham 
Bell has been conducting for several years past have resulted in the 
development of apparatus by means of which the human voice, as 
ordinarily used in speaking, can be transmitted with certainty and 
ease to an indefinite distance—assuredly hundreds of miles. * * * 

“The latest experiments with the telephones were made yesterda 

over the wires of the Eastern railroad, that day being 
1815 because the trials would not then be interru by the ordi- 
nary business of the line. Prof. Bell, ident Rockwell, of 
the Eastern road, and wife, Miss Stearns, Mr. Morrison, and Mr. 
Hubbard, besides two telegraph operators, were the occupants of the 
Boston office. The instruments were arranged for about a twenty- . 
mile test ; consequently Salem, about sixteen miles away, was 

int at which the second telephone was fixed. Mr. Thomas A. 

atson, assisted by the Salem operator, was in charge there. All 
those at the Boston end of the line held free and easy conversation 
with the Salem office, even a whisper or a loud breath being dis- 
tinctly heard at one end when given at the other.” 

Int. 11. Please to answer the same interrogatory as to the first 
half of 1877. 

Ans. Jan. 13, 1877, Prof. Bell gave a lecture on his electric —_ 
ing telephone, with an exhibition of it, before the Washington Philo- 
-_ Society, at — D. C. This was reported in the 

ashington Evening Star of Jan. 20, 1877. 

The said report in the Evening Star begins as follows: 

“ Bell’s Telephone.— At a meeting of the Washin Philosophi- 
cal Society on the evening of the 13th January Mr. Bell, the in- 
ventor, gave to the members a description of the construction and 

ion of his most admirable and wonderful invention, and ex- 
hibited it in operation.” 

The Boston Daily Advertiser of Jan. 22, 1877, contained the fol- 
lowing : ä 

8 The most important of the tests made recently by Prof. A. Gra- 
ham Bell, in the practical development of telephony, is dispensin 
with the use of the battery entirely, so that now all that is requi 
to communicate between the most distant places is simply a line of 
wire and the telephones. 

“ Yesterday morning successful experiments were made between 
Boston and Salem, on the Eastern railroad wire. At the Boston 
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Mr. William Auld, aud Mr. J. B. Parker; and at the Salem end, 
Mr. T. A. Watson, who is associated with Mr. Bell, and the lady 
operator. 
“ Recently two Japanese gentlemen conversed in their own 
1816 language through the telephones and had no difficulty in un- 
derstanding all they said. An experiment has been made 
in overcoming an artificial resistance ter than the Atlantic cable, 
and there is no doubt but that it will be possible to talk across the 
Atlantic.” 

The Boston — — of Feb. 1, 1877, contained à long 
description of an exhibition of a telephone, in which the following 
is found : | 

“At noon yesterday a distinguished party of gentlemen were as- 

sembled at the office of the Boston Rubber Shoe Company, on Con- 

street, in order to witness a series of experiments performed on 

the telephone between the inventor, Prof. A. Graham Bell, here, and 

his associate, Mr. Thomas A. Watson, at the residence of Mr. Con- 
verse, at Malden, about six miles distant. 

“ Prof. Bell had been invited by some of our most prominent citi- 
zens to give a practical demonstration of the most recent develop- 
ments of an invention which, in accordance with its name, has 
already sounded far and wide the fame of the telephone. The ex- 

riments yesterday were as follows: | 

“Telephones having been connected with the private telegraphic Y 
line of the Boston Rubber Shoe Company, and the operators at 
either end having taken up their station, conversation was at once 
commenced. Stationed at the Boston end of the wire, Prof. Bell re- 

uested Mr. Watson to speak in loud tones, with a view of enabling 

e entire company at once to distinguish the sounds. 

This was so successful that a smile of mingled pleasure and sur- 
prise played on the features of those present. That it, however, 
might not be supposed that loud speaking was essential to intelligi- 
bility, Mr. Bell explained that soft tones could be heard across the 
wires even more distinctly than loud utterances, even a whisper 
being audible. In confirmation of this statement, Mr. Watson com- 
menced speaking in turn to each member of the company, and after 
the efficiency of this method had been proved to the satisfaction of 
all, he took up a newspaper and informed the assemblage that gold 
had closed the previous evening at New York at 1053. 

“As there were quite a number of business men present the effect 
that this practical demonstration of the value of the telephone pro- 

duced can scarcely be exaggerated. Other passages from the 

1817 daily journals were then given, and by this time, the desire | 

for conversation having me general, Mr. Watson was 

>| lied with questions, such as, Is it thawing or freezing at Malden? 

4 ho is to be the next president, etc., etc. It was remarkable that 
Mr. Watson was able to distinguish between the voices at the Boston 

end, he calling at least one gentleman by name as soon as the latter | 

commenced speaking. + 

“This went on for some time until a lady at the Malden end sent 
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the company an invitation to lunch per telephone, and an appro- 
priate response was made by the same medium. 

“At length the company were requested to remain quiet while a 
lady at the other end conveyed to them the sweet strains of music. 
The assemblage thereupon listened with rapt attention while a young 
lady commenced singing ‘The Last Rose of Summer.’ The effect 
was simply charming. Possessing, as the fair cantatrice. does, a 
voice of exquisite sweetness, the sounds penetrated into the Boston 
end of the telephone with a distinctness equal to that attainable in 
the more distant parts of a large concert room, and a unanimous vote 
of thanks was sent by the handy little instrument which had pro- 
cured for the assemblage so agreeable an hour. 

“Among those present were electricians and gentlemen occupying 
prominent positions on our Western railroads, and one and all ex- 
pressed the conviction that the telephone was destined to achieve the 
greatest possible results. Let us hope that the day is fast approach- 
oe every man will be in a position to turn on the electricity 
in his house with the same facility with which he now turns on the 
water or the gas. ou: we 


Early in 1877 Prof. Bell began to give public lectures and exhibi- 
tions of his electric speaking telephone. 
He gave one in Salem, „ Feb. 12, 1877, and a report of it, 
ublished in the Boston Globe, of Feb. 13, was transmitted from 
em to Boston by his king telephone. 
The same Globe, of Feb. 13, 1877, contained the following : 
“We have the pleasure of presenting to our readers this mornin 
the first despatch ever sent to a newspaper by the newly inven 
tele e, Prof. A. Graham Bell’s system of transmitting sound 
1818 by — The despatch was sent from Salem, where 
Prof. Bell lectured last evening, our active representative in 
that city having secured the exclusive privilege of the instrument 
for that purpose. The message was received in this city by another 
representative of the Globe, who could readily recognize the voice at 
the other end. 
* 


* * * * * = 


“ Sent by Telephone—The First Newspaper Sent by a Human 
Voice Over the Wires.—To the Daily Globe, from Salem.—Prof. 
Graham Bell Explains his Valuable Invention—An Enthusiastic 
Audience.— How the Capacity of the Telephone was Tested. 


“Special despatch by telepone to the Boston Globe. 


“SaLem, Feb. 12—10.55 p. in. 
“Prof. A. Graham Bell, the inventor of that wonderful instru- 
ment, the telephone, which has caused so much interest in the scien- 
tific world, and which is now becoming so popularly known, lectured 
vn his invention at Lyceum Hall this evening. The lecture was 
one of a course of the x Institute, and about five hundred per- 
sons were present. 
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* * * * * * = 


“Mr. Watson was then asked to make a speech to the audience. 
He — himself as having more confidence eighteen miles 
away than if he were present. His speech was as follows : 


“* LADIES AND GENTLEMEN: It gives me great pleasure to be able 
to address you this evening, although I am in ton and you in 
Salem.’ This could be heard thirty-five feet distant—that is, all 
over the hall—and brought down the house with applause. A system 
of questioning was then carried on, and Mr. Watson was asked if 
he heard the applause. The answer was, ‘I was not listening ; try 

in.“ The applause was given, and its receipt at once acknowl- 
in Boston. Coughing and singing were then heard, and a 
variety of questions were then asked from the Salem end, and among 
them, ‘What news from the Electoral Commission?’ followed by 
the distinct answer of ‘I don’t know of any.’ But the news came fleet- 
ing along that the engineers of the Boston and Maine railroad had 
+ struck. Gen. Cogswell asked if trains were running; the 
1819 answer was clear and distinct that they were not at 5.30 
o'clock. Prof. Bell introduced the Rev. E. C. Bolles, who 
said, ‘I shake hands with you cordially in imagination twenty 
miles away.’ The Rev. E. 8 Atwood asked, Does it rain? ‘It 
does not in Boston,’ was Mr. Watson’s answer. Prof. Gage, the elec- 
trician, then spoke through the telephone, endeavoring to have his 
voice recognized. This could not be done, as Mr. Watson was not 
familiar with the voice. Mr. Shaje Zsawa was ized, Mr. 
Watson being perfectly familiar with his tones. One of the assist- 
ants in Boston then said that ‘Hold the Fort’ would be sung in 
Boston, and the tune which followed was readily recognized. Prof. 
Bell closed his lecture by briefly stating the practical uses to which 
he was confident the telephone could be applied. Hearty applause 
was afforded the lecturer as he finished, and people flocked about 
the stage in large numbers to more closely examine the wonderful 
instrument that had placed them in audible communication with 
people nearly twenty miles away. 
* * * * * * * 

„This special by telephone to the Globe has been transmitted in 
the presence of about twenty, who have thus been witnesses to a 
feat never before attempted—that is, the sending of a newspaper 
despatch over the space of eighteen miles by the human voice; and 
all this wonder being accomplished in a time not much longer than 
would be consumed in an ordinary conversation between two people 
in the same room. 

“H. M. B. 


“ The Scene at the Boston End. 


“The instrument which transmitted the wonderful voice message 
to the listening ears in this city was placed in a little room in Exeter 
Place, where were assembled Prof. atson, Benjamin Bridden, the 
electrician, Prof. E. B. Warman, and Mr. A. B. Fletcher, representa- 
tive of the Globe. The experiment was certainly a great success. 


t- 


ee ee — 


t-| 


1811 


The conversation with the friends eighteen miles away was carried 
on in ordinary tones of voice. The Globe representative in Boston 
very easily recognized the voice of the transmitter of the despatch 
in Salem, and very distinctly heard the applause which 
1820 was given in the Essex Institute Hall. It was a very note- 
worthy occasion, certainly; and the complete success attained 
led to the discussion of many plans for the further practical utiliza- 
tion of the telephone, which sends its first newspaper despatch to 
the Globe readers for their delectation and wonder this morning.” 


_ The Boston Daily Globe of Feb. 15, 1877, contained the follow- 

ing 

“The Telephone. — Something About the Construction and Working of 
Prof. Bells Wonderful Invention. 


“As the telephone, the new invention of Prof. A. Graham Bell, is 
but little understood, the fullowing reprint of a description and ex- 
planation of the instrument may not be amiss: 

The telephone in its present form consists of a powerful com- 
pound permanent magnet, to the poles of which are attached ordi- 
nary telegraph coils of insulated wire. In front of the poles, sur- 
rounded by these coils of wire, is placed a diaphragm of iron. A 
mouthpiece to converge the sound upon this diaphragm sub- 
stantially completes the arrangement. The motion of steel or 
iron in front of the poles of a magnet creates a current of elec- 
tricity in coils surrounding the poles of the magnet, and the dura- 
tion of this current of electricity coincides with the duration of the 
motion of the steel or iron moved or vibrated in the proximity of 
the magnet. When the human voice causes the diaphragm to 
vibrate electrical undulations are induced in the coils environing 
the magnets precisely analogous to the undulations of the air pro- 
duced by that voice. These coils are connected with the line wire, 
which may be of any length, provided the insulation be good. The 
undulations which are induced in these cuils travel through the line 
wire, and, passing through the coils of an instrument of precisely 
similar construction at the distant station, are again resolved into air 
undulations by the diaphragm of this instrument.’ 

“It was by this wonderfully simple instrument that the three- 
. of a column report of Prof. Bell's lecture was transmitted 
rom Salem to the Globe by the voice on Monday evening. All who 
saw the working of the instrument were astounded at the results 

obtained.” 
1821 The following report of the Salem lecture appeared in the 
Salem Observer of Feb. 17. 1877: 


“ Saturpbay, Feb. 17, 1877. 
“The Telephone.—The illustrated lecture upon telephony, by Prof. 
A. Grabam Bell, was exceedingly interesting. The results exhibited 
were indeed amazing; nearly every experiment was successful. 
* = * * * * * 


“On Monday evening Mr. Watson, who was in the Boston office, 
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‘wired’ several tests to the audience of five hundred who were assem- 
bled in the Lyceum Hall. He conversed with Prof. Bell freely, the 
latter asking questions in an ordinary tone of voice, with distinct 
articulation, and the answers immediately returning and having a 
sort of muffled sound. Mr. Watson addressed some words to the 
audience in Salem, which were distinctly heard, and the applause 
which followed was heard by him in Boston. He sang ‘Auld Lang 
Syne’ and other pieces,and played upon a reed organ, all the sounds 
of which were duly delivered at the Salem end of the wire. .The 
person in Boston was also heard to cough and to laugh. During the 
evening Rev. Dr. Bolles, Rev. Mr. Atwood, Prof. Gage, Gen. Cogs 
well, a gentleman from Japan, and a lad — Loring) all oke 
successfully through the telephone. A full report of the meeting 
was sent to the Globe by telephone from its correspondent, Mr. 
Batchelder. 

The apparatus by which this astonishing result is secured is won- 
derfully simple—only a telegraphic wire, a horseshoe magnet, two 
helices, and a vibrating disk at each end. The audience see only a 
mahogany box upon the table of the appearance of an ordinary 
photographer’s camera. The tube in the end is used in this case to 
speak into and to hear out of. Within the box is a horseshoe mag- 
net. Opposite each arm of the magnet is a helix of the usual con- 
struction. 

“One end of the wire among the helices is connected with the 
ground and the other with Boston, or the place in operating connec- 
tion. Set up against the helices, within a sixteenth of an inch, is a 
sheet of thin, polished iron, upon which the voice of the operator 

impinges when speaking. The et induces an electrical 
1822 current in the telegraphic wire. e vibrating disk imparts 

pulsations to this electrical current corresponding to the sound, 
which are conveyed to Boston and reproduce themselves upon the 
vibrating disk there with exactness of tone and articulation. The 
little four inches of iron utters the whole gamut of the human voice. 
This is indeed wonderful—the greatest achievement of modern sci- 
ence. Another exhibition of the telephone is to be given.” 


The following is an extract froia an article in the New York Sun 
of Feb 20, 1877: 


“ Prof. Bell's Telephone-—The Human Voice Carried a Hundred and 
Forty Miles. Marvellous Stories About the Latest Achievement of Sci- 
ence.— Music in Salem and Applause in Boston. The Construction 
and Capabilities of the Instrument Described. 

* x * x * * * 


The honor of having received the first newspaper despateh ever 
sent by means of the telephone belongs to the Bueton Globe. A re- 
port of a lecture by Prof. Bell in Salem was transmitted verbally to 
it last Monday night. This lecture was about the telephone, and in 
the course of the evening a series of remarkable experiments was 
made in the presence of the audience. Songs and brief speeches were 


sent from Boston, and the applause which greeted their reception in 
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Salem was distinetly heard in Boston. Imagine sitting in a hall and 
hearing a man eighteen miles away sing Hold the Fort! 

I baven't the slightest doubt,’ Mr. Watson said to-day, that in a 
few months things will be so that a man can make a lecture here in 
Boston and be heard by an audience in any part of the country.’ 

Do you expect that the telephone will entirely supersede the 
present system of telegraphing?’ I asked. 

“* Yes, we expect it will eventually. A company is now forming 
for the purpose of manufacturing and introducing the instrument. 
In time it can’t fail to — the old dot-and-line alphabet system 
entirely. We expect at first it will be used mostly on private lines 

and for city business. It will probably take the place of the 
1823 present district telegraph companies and the like, as it will 
especially convenient for that class of business.’ 
* * * * * * = 

“ The wonderful little instrument, of whose future value to civiliza- 
tion the inventor is so sanguine, consists of a powerful compound 
permanent magnet, to the poles of which are attached ordinary tele- 
graph coils of insulated wire. In front of the poles, surrounded by 
these coils of wire, is a diaphragm of iron. mouthpiece, whose 
function is to converge the sound upon this di , substan- 
tially completes the arrangement. ion of the instru- 
ment is thus described by Prof. Bell: The motion of steel or iron 
in front of the poles of a m creates a current of electricity in 
co:ls surrounding the poles of the and the duration of this 
current of electricity coincides with duration of the motion of 
the steel or iron moved or vibrated in the proximity of the magnet. 
When the human voice causes the diaphragm to vibrate electrical 
undulations are induced in the coils around the magnets precisely 
similar to the undulations of the air produced by the voice. The 
coils are connected with the line wire and the un ions induced 
in them travel th the wire, and passing — — coils of 
another instrument of similar construction at the end of the 
line are again resolved into air undulations by the diaphragm of 
this instrument. The voltaic battery is entirely di with. 
The line wire may be of any given length provided insulation 
be good. Prof. Bell further says that soft tones can be heard across 
the wires even more distinctly than loud utterances, even a whisper 
heing audible.” 

Feb. 23, 1877, a second lecture and public exhibition was given 
at Salem. A long report of this was transmitted by and 
published in the n Daily Globe of Feb. 24, 1877. report 

contains the following : 


“Special Despatch by Telephone to the Boston Globe. 
„Salm, Fripay, Fe. 23—10.20 p. m. 
“ Lyceum Hall has been crowded this evening with an audience of 
five hundred which had assembled to hear Prof. A. Graham 
1824 Bell’s interesting lecture cn ined by the « invention, the tele- 
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were certainly most astonishing. This was the second public exhibi- 
tion of the new invention and its practical uses, and Salem has been 
fortunate indeed in having both given before her citizens. This 
second lecture and exhibition was given in response to an invention 
to Prof. Bell by a number of scientific —— and prominent 
citizens, and the audience was one which only a rare and notable 
occasion can draw together in Salem. Among the more prominent 
people in the audience were the Hon. George B. Loring, Judge Endi- 
cott, of the su e court; Prof. D. B. Hagar, of. the State normal 
school; Dr. J. R. Nichols, of Haverhill, editor of the Boston Journal 
of Chemistry ; J mg Mayor Oliver, Aldermen Daton and 
Stone, Prof. John inson, ex-Mayor Williams. Dr. Henry Wheat- 
land, president of the Essex Institute; the Rev. Messrs. Arey, Dean, 
and Atwood, John W. Perkins, master of the Salem high school ; 
Gen. William ll, J. S. Packard, Esq., and many other promi- 
nent citizens. e experiments were similar to those given at the 
former lecture and were eminently successful, receiving hearty ap- 
plause. Prof. Thomas A. Watson, Prof. Bell’s assistant, transmitted 
several messages from the Boston end of the telephonic wire. 


* * = x * * * 


“The company at the Boston end of the telephonic wire between 
Boston and Salem was quite as numerous as Prof. Bell’s laboratory 
could well accommodate. It is a little room at the end of Exeter 
Place, up three flights of stairs, with the various instruments of the 
telephonic a us to be seen on every hand. On one of the tables 
were the models on which Prof. Bell worked out the telephone as 
it now exists, and they form an interesting study. Books, letters, 
and papers, all pertaining in more or less degree to the science of 
electricity, are — the room, which is plainly and taste- 
fully furnished. Occupying * — of duty near the working in- 
— — — — — atson. Mr. B. F. — — 
charge e working of the electric apparatus, with two you 
as assistants. The company present included Mr. D. P. Richards, 

who has been one of Prof. Bell’s coworkers ; the Hon. Charles 
1825 Levi Woodbury, John C. Hoadley, of Lawrence; Dr. Henry 

I. Bowditch, Dr. C. J. Blake, Mr. W. A. Hovey, and Mr. C. 
E. Hurd, of the Transcript; three gentlemen from one of Dr. Tour- 
jée’s Tabernacle choirs, a cornet player, and an artist who was illus- 
trating the scene for the Scientific American, beside reporters from 
the various city papers. 


* * 2 * 2 * * 


“The Globe despatch then came, followed by another press mes- 
sage, giving merely the news furnished by the Globe about the tele- 
phone a week ago. Then ‘ Yankee Doodle’ and ‘Auld Lang Syne’ 
were sung by Prof. Bell, and distinctly heard in every tone by all in 
the room ; and at 10.30 the conference came to an end.” 

The Providence Press of Feb. 24, 1877, had a long account of the 
Salem lecture, which contained the following: 
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The Providence Press. 
Feb. 24, 1877. 


“ We willingly surrender space to-day to the somewhat enthusi- 
astic report by a member of our editorial staff, who was invited to 
witness the experiments with the telephone last night at Salem. The 
importance of the invention promises to be such as to make all 
obtainable knowledge of it valuable, and we do not remember to 
have yet seen any so detailed and intelligible description of its work- 
ings as our representative furnishes. 

* * * * * * * 


How the thing is done is, of course the practical reader's de- 
mand. It is done by a magnificent effort — making itself 
felt with common tools. It is simplicity embodied and almost made 
personal. There is not even a battery to send an electric current 
along the line, for the affair is sufficient unto itself within its six 
by twelve inch dimensions, asking nothing of existing telegraphy 
but the wires it has strung. The principle is the familiar one that 
a plate of iron presented to a coil of insulated wire on the end of a 
magnet causes an electric current to traverse the magnet, provided 
the circuit is complete. Prof. Bell, therefure, takes a ho mag- 

net, places on each of its ends a nearly flat spiral wire, and 

1826 just in front of the points of the spi an infinitesimal dis- 
tance away, sets up his plate of iron. To complete this cir- 

cuit he connects one arm of the magnet with the earth by means of 
the gas pipes, and the other communicating wire runs out from the 
other arm to wherever the other operator may be stationed, with a 
similar earth connection on the magnet at his end.” 
* * 


* * * * * 


On the occasion of this Salem lecture I was at the Boston end of 
the telephone line,and the account given in the papers which I have 
quoted is substantially correct, so far as came under my knowl- 

I made the instruments used, and they are correctly described. 

e lecture at Salem was followed by a series of lectures in Bos- 
ton, Providence, Lowell, Manchester, and New York, and these were 
extensively noticed in newspapers in different parts of the country, 
e. g., the New York Sun, Feb. 11, 1877, had nearly a column about 
the lecture at Salem; the Boston Journal of Chemistry, March 1, 
1877, had a long account; also the New York Times; DailyGraphic 
of March 6, 1877, with illustrations; Scientific American, March 31, 
1877, with illustrations; Frank Leslie’s, March 31, 1877, with illus- 
trations; The Athenzeum, London, England, March 3, 1877. At all 


f them electric speaki 3 with metallic diaphragms were 
2 1 e i — 


used. At all of e electric king te were pub- 
licly exhibited, their construction * —.— explained, and they 
were publicly used in the transmission of articulate At these 
exhibitions an admission fee wag and paid by the audience. 


The following accounts of them are substantially correct, so far as 
they came within my knowledge. The instraments used were made 


1816 


The following is the opening paragraph of the article in the Bos- 
ton Journal of Chemistry of March 1, 1877, above referred to: 


Boston Journal of Chemistry. 
Boston, March 1, 1877. 


“The Telephone. 
“ The telephone is the invention of Prof. A. Graham Bell, of this 
city, and has resulted from a course of inductive reasoning 
1827 growing out of a careful study of the — — of sound as 
related to wave motions in air and in m when induced 
by electrical excitation. The instrument is exceedingly simple and 
inexpensive, and easily understood. It consists in‘attaching to the 
terminals of the ordinary telegraph wires, between any two points, 
powerful compound magnets with coils of wire connected. In front 
of the pole, surrounded by these coils of wire, is placed a diaphragm 
of iron. A mouthpiece to converge the sound upon the diaphragm 
substantially completes the arrangement. When the human voice 
causes the diaphragm to vibrate, closing and breaking the circuit 
with each vibratiun, electrical undulations are induced in the coils 
precisely analogous to the undulations of the air produced by that 
voice. These coils are connected with the line wire, which may be 
of any length, provided the insulation be good. The undulations 
induced in these coils travel through the line wire, and, passing 
through the coils of an instrument of precisely similar construction 
at the distant station, are again resolved into air undulations by the 

diaphragm of this instrument.” 


The Providence Journal of March 15, 1877, had a long article on 
the telephone, from which the following is an extract: 


“The Last Great Wonder. 


* * * = * 


* * 
“In the telephone no —— battery is used. A permanent 
steel magnet is surrounded with a coil of insulated wire, and con- 
fronted with a disk of sheet iron. When the iron disk vibrates 
under the influence of sound it disturbs the magnetism of the steel 
magnet before it, and, by a familiar law, every change of — * 
in a magnet excites an electric current in a surrounding coil. The 
coil is connected with the telegraphic wire, and that with the coil 
around the magnet at the farther end of the line, the ground being 
used for the return circuit. The distant magnet thrills with the 
electric current so excited, and vibrates the disk in front of it, which 
in turn impresses sound waves on the air.” 


The Boston Daily Globe of April 6, 1877, had a report of the 
Providence lecture, from which the following is taken: 


1828 “Prof. Bell Exhibits its Wonderful Workings to a Providence 
Audience.— 4 Success Despite Unfavorable Conditions.—A 

Special to the ‘Globe’ by Telephone. 

“Prof. A. Graham Bell, the inventor of the telephone, lectured in 
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Providence last evening, and in his little room at the top of No. 5 
Exeter place Mr. Thomas A. Watson, the electrician, with several 

-» | members of the press and a number of gentlemen interested in 
science, were assembled for the purpose of holding communication 
with the professor and demonstrating anew the practical workings 
of the instrument. 


= * 2 = = = = 0 


“The Globe reporter remained with Mr. Watson until a late huur, 
and when the audience in Providence had been dismissed, and all 
the visitors had left the room in this city, he was repaid for his 
waiting by receiving the following message from a brother rter 
2 the Globe, who went to Providence especially to send a telephonic 


“ fe Exhibition in Providence. 
Special to the Globe by Telephone. 


“ ¢ProvIDENcE, R. I., April 5. 
The bad weather prevented the exhibition from heing as effect- — 

ive as usual; still, the audience which crowded Music Hall and rep- 
resented the best society of the city had conclusive proof of the value 
of the invention. The transmission of musical sounds from the 
reed organ in Boston, giving ‘Music in Air’ and other familiar 
tunes, was admirably perfect, and was heard distinctly all over the 
hall. The exhibition of singing was fairly successful, and Mr. 
Reeves’ cornet solo, ‘ Yankee le, played at the request of one 
of the audience, was recognized very easily. The experiment of 
brass-band playing was not very successful. A conversation car- 
ried on between the Rev. Dr. Behrends here and Mr. Watson at 
Boston, on the Rhode Island election, caused much merriment. 
Gov. Lippitt introduced Prof. Bell, who spoke till after ten o’clock 
and remained in the hall an hour after, exhibiting the telephone to 

a curious crowd. An effort will be made to have the lecture 
1829 repeated, when, it is — circumstances will be more ſa vor- 

able for the working of Prof. Bell’s invention.’ 


“ Nore.—On account of damage to the wires it was impossible to 
send as full a despatch as was intended, but fortunately the accident 
did not ha until after the lecture had been delivered and Provi- 
dence people had been satisfied of the success of the invention.” 


The following is an extract from a report of the lecture which ap- 
peared in the Providence Daily Journal of April 6, 1877: 


“ Prof. Bell’s Lecture on the Telephone. 


“Music Hall was filled last evening, notwithstanding the storm, 
by one of our best audiences to witness the first public exhibition of 
the speaking telephone in this city. 

* * * * 


* * * 


“ Prof. Bell stated that in vocal utterance it is best to remove the 
battery, and use nothing between the telephonic instruments in 
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Boston and Providence. The Boston office was then telegraphed to 
cut out the battery. While waiting for this to be done Prof. Bell ex- 
lained in a few words the structure of his instrument and its 
istory. 
* * * * * * * 

“Mr. Watson next sung Hold the Fort, which was switched 
onto the different telephones. Mr. Watson then repeated a sen- 
tence, which was switched onto the telephones and generally heard. 
Rev. Mr. Behrends then interviewed Mr. Watson, asking him if it 
was stormy in Boston, also What time is it?’ and Have you heard 
the news from Rhode Island?’ Mr. Watson had not. Mr. Behrends 
informed him that we had an election yesterday, and ‘ Did you hear 
who was elected?’ Yes, Mr. Watson had read it. ‘ What is the 
news in Boston?’ Answer,‘I have not heard any.’ ‘Good night, 
Mr. Watson,’ closed the conference. 


* 2 * * * * * 


“The mysterious little box at Prof. Bell’s lecture contains an ap- 
paratus almost elementary in its simplicity, which answers tlie double 
purpose of transmitting and receiving sounds. It may be divided 

into two parts, the artificial ear and the magneto-electric 
1830 transmitter. The artificial ear may be likened to a grocer’s 

sugar funnel, of tin or other — (having a tube of about 
two inches diameter), the large flaring end of which has been sealed 
with a circular disk of thin sheet iron. This disk is the tympanum 
of the artificial ear. The two-inch tube is the part which proj 
from the box into which you talk, and at which you listen fora 
reply. Inside of the box there is a fixed 2 steel magnet, 
w poles very nearly approach the sheet-iron disk, keeping it in 
a state of tension by virtue of magnetic attraction. Around the 
arms of the U magnet, near its poles, are bobbins of fine insulated 
copper wire which communicate together, and one of the free ends 
of which connects with the telegraph wire outside, and the other 
with the ground for the return current. For certain reasons it is 
thought better, in practice, to attach small, soft-iron cylinders, on 
which the bobbins are placed, to the poles of the fixed magnet, and 
the ends of these cylinders then take the place of the poles of the 
magnet in close proximity to the iron disk or tympanum. This is 
virtually the whole apparatus. When a word is whispered into the 
two-inch auditory tube it causes the iron tympanum to vibrate. This 
disturbs the magnetism of the fixed magnet and of its soft-iron 
cylindrical poles. This disturbance, in its turn, induces electrical 
currents in the coils of fine wire and in the telegraph wire outside. 
At the distant station these processes are then taken up in reverse 
order. The induced currents, passing from the telegraph wire through 


the coils of the receiving instrument, disturb the magnetism of the 


fixed magnet there, and that sets the disk in front of it in vibration, 
which communicates in turn the same sound undulations to the air 
which originated this curious series of transformations. In other 
words, the persons listening at the distant disk hear the same words, 
accents, tones, which were confided to the disk at the near station. 
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| Mr. Gower, to Brooklyn, and hoped before long to hear that Mr. Gomer 
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‘It will be observed that the sound waves are converted first into me- 


chanical vibrations of the disk, then into magnetic vibrations, then 
into electric currents, then back into magnetic vibrations,.then into 
vibrations of the distant disk, and lastly into sound vibrations again, 
and that these transmutations of the original sound waves between 
the two disks require four jumps through air spaces.” 


1831 The Sun, Tribune, Herald, World, and Times, of New York, 

of May 12, 1877, had long accounts of an exhibition of the 
speaking telephone by Prof. Bell, in the presence of Gen. Eckert, 
president of the Atlantic and Pacific Telegraph Company ; President 
Gibbs, of the Dominion Telegraph Company; President Barnard 
and Profs. Newberry and Rood, of Columbia College,and many 
others, at the St. Denis Hotel. The following is the article from 
the New York Tribune: 


“An exhibition of the speaking telephone was given last night at 
the St. Denis Hotel in this city. An invitation to exhibit the in- 
strument here had been tendered to Prof. A. Graham Bell by Prof. 
F. A. P. Barnard, Dr. Howard Crosby, Prof. Henry Morton, and two 
or three dozen other gentlemen eminent in the learned professions 
or connected with telegraphy. Before beginning his proposed course 
of lectures Prof. Bell invited a few of his scientific friends to be 
present at an informal exhibition to show the power of the instru- 
ments. About fifty gentlemen were gathered in one of the parlors 
of St. Denis Hotel last evening. Among those present were Presi- 
dent Barnard, Prof.O. N. Rood, and Prof. J.S. Newberry, of Columbia 
College; the Rev. Dr. Armitage, Gen. Eckert, president of the At- 
lantic and Pacific, and the Hon. T. N. Gibbs, president of the 
Dominion Telegraph Company ; Prof. Peet, of the Deaf and Dumb 
Asylum; Eastman Johnson, Gen. Gaylord, S. A. Bunce, R. H. 
McCurdy, F. O. Evans, and other well-known citizens. There was 
some delay about the proceedings, which was afterwards explained. 

“ Prof. Barnard introduced Prof. Bell to the audience, having be- 
come acquainted with the instrument and the inventor at Philadel- 
phia. Prof. Barnard stated that of all the instruments of precision 
and research, etc., which the group of Centennial judges, of which 
he was chairman, was called upon to examine there was none that 
occasioned greater interest or that they regarded as of higher novelty 
and importance than the speaking telephone of Prof. A. Graham 
Bell. In introducing Prof. Bell to the audience Prof. Barnard said 
that he did so with the conviction that the name of the inventor of 

the telephone would be handed down to posterity, with a per- 
1832 manent claim on the gratitude and rembrance of mankind. 

Prof. Bell expressed himself as surprised at the size and im- 
portance of the gathering. He had at first expected only a small 
number of his friends, and had arranged to exhibit his telephone 
merely by placing one of the instruments in one room and another 
in another room in the hotel, connecting them by wires. But at a 
late hour he had determined upon a more complete exhibition of 
the character of the instrument, and had therefore sent his assistant, 


1820 


had arrived somewhere in that city, and to hear it from Mr. Gower 
through the telephone. While Prof. Bell was speaking a sound was 
heard from the instrument; he placed his ear against it, and after 
listening for a moment said to the audience: It is all right. Mr. 
Gower has been in search of a cornet player, and thinks he will have 
one to play a tune for us.’ Prof. Bell then carried on a brief con- 
versation with Mr. Gower, finally desiring the latter to be in readi- 
ness after a short interval, in which Bell proposed to explain 
some features of the instrument to his audience. ; 

“Prof. Bell mentioned many of the facts with which our readers 
are already familiar as to the construction and character of the in- 
strument. When a magnet approaches a bar of iron, it generates a 
current or a change of electrical condition in the iron; when it is 
drawn back it generates the converse electricity; i. e., in the one case 
positive, in the other negative. What Prof. Bell had done was to 
substitute a sheet or plate of iron for the bar, to make that vibrate 
instead of the magnet, and to keep the magnet stationary. The 
vibration was communicated to the plate in front of the poles of the 
magnet by the waves of sound striking on the plate. These differ- 
ences of positive and negative electricity, transmitted through the 
wire, caused a magnet at the other end of the wire to attract or repel 
a precisely similar iron plate, and the vibrations of that, commu- 
nicated to the air, were sounds precisely corresponding to those 
sented at the first plate. He has tested it on two hundred and fifty- 
eight miles of wire between New York and Boston. Hecommenced 
by understanding it; now he does not understand it. 

“The vibration was supposed to be like that of a membrane such 

as is that of the drum of the ear. But we all know that such 
1833 vibration can be readily dampened by fastening upon the 
membrane something to stiffen it. 

“There was no such result with the telephone when a wooden 
ring was screwed to the plate, or when the plate itself was made of 
extraordinary thickness; the vibration is molecular. The curious 
sounds heard in the telephone were described ; some of them had 
been ascertained to proceed from earth currents. The instrument 
was more sensitive than a galvanometer to certain imperfections in 
the wire, or imperfect connections. 

“The cornet player at last arrived. He was borrowed for a brief 
period from the orchestra of a neighboring theatre. He played two 
tunes, the latter one being very distinctly heard. When the note 
happened to strike the fundamental note of the telephone box it 
sounded abnormally loud. Otherwise it was fairly rendered. The 
voice in Prof. Bell’s instrument sounds very much as though it had 
come through a very long speaking tube. Some practice is neces- 
sary to catch the words uttered, the vibrations giving a sort of con- 
fusing rattle. Nevertheless the success of the transmission is un- 
questionable. 

“After Prof. Bell finished speaking the different members of the 
audience listened at the instrument, and some of them conversed 
with Mr. Gower, who was at the tel office, No. 340 Fulton 
street, Brooklyz ; 


1 


-Much laughter was occasioned by Prof. Bell gen-! 
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was; Prof. Bell understood him to say ‘Beacon street,’ perhaps 
having Boston in his mind. The proprietors of the St. Denis Hotel 
invited the visitors to a repast after the exhibition.” 

The first New York lecture was given May 17, 1877, at Chicker- 
ing Hall, and long reports of it were in New York Herald, 
Tribune, World, and Times of the next day. These re stated 
that President Barnard and Prof. Rood, of Columbia College; Presi- 
dent Morton and Prof. Mayer, of the Stevens Institute; Mr. Cyrus 
1 U the —— and Gen. — pa Messrs. 2 

er e English postal telegraph) were present, 
that ~—e spoke through the telephone to the operator at Bruns- 


1834 The lecture in New York, at Chickering Hall, was preceded 


by the following request, the original of which is before me, 
which was publised in the daily papers, and will be produced if re- 


quired : 
“New York, April 7, 1877. 
“Prof. A. Graham Bell, Boston University. 

“ Deak Sir: The interest excited during the Centennial Exhibi- 
tion by your experiments with your telephone, holding communica- 
tions in audible — with persons many miles away. and the pub- 
lished accounts of your improvements in the wonderful instrument, 

pt us to request that you will deliver in our city, on some even- 
. —— — hah tombe 
an exhibition of your in ing what can 
done by it, and making known Ste scientific and commercial value. 
“Very truly, etc., 


(Ea F BARBARD 
— — 
HENRY MORTON 


[ Pres. Western Union Tel. Ch.]. 
J. S. NEWBERRY 


[School of Mines, Columbia 
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At Boston three lectures were given in the Music Hall in May, 
1877, at the first of which Prof. Bell was introduced by Governor 
Gaston, and ateach of them articulate was publicly trans- 
mitted. The exhibitions at Boston and vidence were reported 
in the principal newspapers; e. g., Providence Journal of April 6, 

1877, che Boston papers of April 6, and of May 5, 8, 9, of 1877. 

The Boston lectures were preceded by the following, which was 
published in the daily papers, and will also be produced when 
quired: 5 
1835 “ Boston, April 20, 1867. 

“ Prof. Alexander Graham Bell. 


“Sir: The undersigned, having followed with great interest the 
accounts of your discoveries and inventions in connection with the 
electric telephone, which have from time to time appeared in the 
newspapers, and confident that the general public of the city in 
which your researches have been made will lad to witness a | 

ractical exhibition of your telephone under your direction, respect- | 
fully uest you to gratify this desire of your fellow-citizens at such 
time and place as may be most convenient to you. 
“BENJAMIN PIERCE : 
[ Prof. Mathematics, Harvard College). 
n (Prof. Phase, Harvard College + 
. Physics, g 
E. N. HORSFORD 
K Prof., Lawrence S. 
HENRY W. LONGFELLOW [ Cambridge]. 
GEO. B. EMERSON [ Boston]. 
O. W. HOLMES [ Boston]. 
CHARLES W. OT 
President University at Cambridge}. 
ALEXANDER H. RICE 
Governor of Massachusetts}. 
NEHEMIAH GIBSON Boston]. 
FREDERICK O. PRINCE 


Now Mayor of Boston 
WILLIAM F. WARREN 2 
JOHN D. RUNKLE 


| Mass. Inst. Technolog and Naut. A.]. 
C. F. ADAMS 


Quincy }. 
WALCOTT 3 5 
EDWARD C. PICKERING * 
[ Prof. Physics, Mass. Inst. Tech., now Director 
of the Observatory at Cambridge.” 


I will refer to the following publications, though I was not present 
on the occasions described : 

Dr. Henry Morton gave a lecture on the telephone, and an abstract 
of it is in the New York Herald of June 14, 1877. 

The Journal of the Telegraph, March 1, April 1, April 16, and 
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May 16, 1877, describe and refer to Mr. Bell’s electric speaking tele- 
phone, and to Mr. Bell as the inventor thereof. 

The Popular Science Review, an English publication, for 
1836 1877, 429, has an article of four pages on electric speak- 

ing telephones, in which it says: 

“ The Telephone.—During the recent session of the British Associ- 
ation at Plymouth the lion’s share of attention was unquestionably 
given to the telephone. Wherever the instrument was to be exhib- 
ited, whether in the physical or in the mathematical sections, or at 
Mr. Preece’s popular evening lecture, there were always crowded 
audiences, eager to learn something about so novel an — 
At the soirées, too, the telephone stood above — as the 
centre of attraction, and knots of people were crow round the 
instrument, anxious to converse with friends in distant apartments. 
The interest in this subject culminated on the arrival of Gra- 
ham Bell, the inventor of the talking telegraph.” 


The Mr. Preece referred to is, I presume, Mr. W. H. Preece, of the 

English Postal Telegraph, vice-president of the Society of Tele- 

h Engineers. A paper by him on the telephone was published 

— e Philosophical Magazine for April, 1878. It begins as fol- 
ows: 


“ The introduction of the speaking telephone by Alexander Gra- 
ham Bell has supplied physicists with an instrument of research, as 
well as with an instrument of practical utility.” 


I have before me a pamphlet by Prof. W. F. Barrett, F. R. S. E, 
read Nov. 19, 1877, before the Royal Dublin Society, and reprinted 
from their proceedings. It says: 

“ The various attempts to communicate audible speech by means 
of electricity have culminated in the recent discovery by Prof. Gra- 
ham Bell of the articulating telephone. The discovery was not the 
result of chance, but of long and patient endeavor. * * * 

“These experiments revealed to Prof. Bell the important point 
that the transmission of speech by electricity could only be accom- 
plished by using what may be termed an undulatory current; that 
is to say, one that merely varied in stre without the occur- 
rence of any actual interruptions which would give rise to a discon- 
tinuous or intermittent current. It is this principle of an un- 
broken current which distinguishes Bell's telephone from a.] pre- 
ceding efforts. 

“ The electric currents in this telephone are in simple pro- 

1837 portion to the motions of the air produced by the voice; and, 
urther, the electric waves sent to the distant extremity are (by 

a receiving arrangement precisely similar to the transmitting instru- 
ment) caused to reproduce motions of the air identically same 
in character as those that gave birth to the currents. Thus, not 
only is articulation heard perfectly, but, moreover, the different quali- 
ties of different voices are heard, so that at fifty or one hundred 
miles distance the individuality of the speaker is transmitted as well 


as his ideas.” 
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The Scientific American of Oct. 6, 1877, has a long article entitled 
“The New Bell Telephone.” It is illustrated by wood-cuts 
of the hand telephone now in common use and of the manner of 
using the same. Said article describes the structure of the appa- 
ratus and its mode of operation. It concludes with the following 


paragraph : 

„The telephone has advanced considerably beyond the status of a 
‘beautiful scientific toy, which many hastily pronounced it, and is 
now in constant use in numerous private lines in New York, Boston, 
and Providence. Professor Bell recently exhibited it before the 
British association at Plymouth, England, where it attracted great 
attention. It is at present manufactured by the Telephone Com- 

y of New York, Mr. Charles A. Cheever, manager, 32 Tribune 
uilding, in this city.” 

I annex the opening paragraph of a long article under the caption 
of “The Telephone,” which appeared in the Westminster Review 
for January, 1878 (page 208): 


“Of all modern inventions connected with the transmission of 
telegraphic signals, the telephone, devised by Mr. Alexander Graham 
Bell, has excited the most widespread interest and wonder. Wher- 
ever Mr. Bell has appeared before the public to give an account of 
his invention and the researches which have led up to it crowds 
have assembled to hear him. Nor is this astonishing; for the tele- 
phone professes not only to convey intelligible signals to great dis- 
tances without the use of a battery, but to transmit in fac-simile 

the tones of the human voice, so that a voice shall be as cer- 
1838 tainly nized when heard over a distance of a few hun- 

dreds of miles as if its owner were speaking in a room by our 
side. And the telephone does not fall short of its profession. Scien- 
tific men have had their wonder and curiosity aroused even more 
than the unscientific public, since a scientific man appreciates the 
enormous difficulties to be overcome before such an instrument can 
be realized. Had any hardy speculator a few years ago proposed a 


telephone which should act on the principle and be constructed in 


the form of Mr. Bell’s instrument, he would have probably have 
been considered a lunatic.” * * * 


Int. 12. In Mr. Bell’s deposition he ks of the transmission of 
articulate speech from Boston to Providence on the occasion of the 
lecture and exhibition at Providence which you have described in 
vour last answer. Please to state whether you took any part in that 
transmission ; and, if so, what. 

Ans. I was at the Boston end of the line and had entire charge of 
the experiments by which the lecture was illustrated; and I con- 
versed with a large number of people in Providence, and succeeded 
in making my voice audible to a large part of the audience at once. 

Int. 13. Please state what, if anything, you had to do with the 
transmission from Providence to Boston of a report of the Provi- 
dence exhibition, which was published in the Boston Globe, a copy 
of which you have already given. 


1 


— 


1 


— 
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Ans. I received it by telephone. 

Int. 14. The account in the Advertiser, Oct. 9, 1876, of the use of 
the telephone between Boston and Cambridge speaks of it as the first 
occasion where conversation was carried on over a telegraph wire. 
Is that strictly correct, or in what way did that use of the instru- 
—_ differ from the uses you and Mr. Bell had previously made 
of it? . 

Ans. No; it was not strictly correct. Mr. Bell had several months 
previously, in Canada, carried on conversation over a telegraph wire, 
and before Oct. 9 we had often carried on conversation over a local 
circuit. The article in the Advertiser of Oct. 9, 1876, gives the first 
recorded conversation over a telegraph line. 


(Testimony as to use in Canada objected to as incompetent by 
counsel for Gray and also by counsel for Edison.) 


1839 Int. 15. What do you mean by the phrase telegraph line,” 
or “telegraph wire,” as distinguished from a local circuit?” 

Ans. By telegraph line I mean one running out of doors. By a 
— circuit I mean a circuit connecting different points within one 

ilding. 

Int. 16. I now call your attention to the {use by Mr. Bell and his 
licensees of electric king telephones provided with metallic 
diaphragms, and I wish you would state some early instances of uses 
in public, or uses to which publicity was given, of instruments con- 
structed with metallic diaphragms, and refer to the publications 
which describe such uses. Please answer, first, as to instances before 
April 1. 1877. 

Ans. Referring to my answer to Int. 11, all the instruments used 
at the public exhibitions therein described, from Jan. 1 to April 1, 
1887, had metallic diaphragms. In addition to that I will state some 
other uses of telephones with metallic diaphragms: 

Mr. Bell’s m receiver, used asa part of his speaking-tel 
apparatus, exhibited and used at the Centennial Exposition, had a 
diaphragm entirely of soft iron. One like it, with a soft-iron dia- 

hragm, was given by him to Sir William Thomson, and described 

v that gentleman in his address before the British association in 
August, 1876, a copy of which, taken from the Boston Daily Adver- 
tiser of Sept. 25, 1876, has already been given. A description of 
the same, with wood-cuts, is in the Scientific American supplement 
of Feb. 10, 1877. These wood-cuts are reproduced in Mr. tt’s 
book on the “ Telephone,” page 101, in a reduced size, and are given 
on 241, supra. This thin metallic iron disk, in combination 
with the electro-magnet, is also described as the receiver used at the 
Centennial in the official report on uwards, prepared by Sir William 
Thomson, already quoted on page 236, supra. I have already de- 
scribed and given some newspaper accounts of the use of Mr. Bell’s 
telephone between Boston and Cambridge in October, 1876. Metallic 
diaphragms were then used in those instruments. 
instruments exhibited in operation before the Washington 
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Philosophical Society, Jan. 13, 1877, had metallic diaphragms. 

1840 An extract from a report of this in the Washington Evening 
Star of Jan. 20, 1877, has already been given. 

All the telephones, the use of which been mentioned in this 


deposition as occurring after that date, had metallic — 
Among the uses of those telephones with metallic diaphragms, which 
— in the presence of a large number of persons and received 
publicity through the newspapers, I mention the following, which 
are already referred to in this deposition : 

rt in Boston Evening Transcript of Feb. 1, 1877; report of 
lecture at Salem, Feb. 12, 1877, was transmitted by telephone, and 
which was transmitted and received in the presence of a large num- 
ber of persons. 

Another lecture at the same place, Feb. 23, 1877, was reported in 
the Globe of Feb. 24, 1877, the report transmitted by telephone in 
the presence of a large number of persons. At all the — 
lectures mentioned in this deposition the publie generally attended, 

ying admission ſees, and large numbers of the audience were at 
liberty to, and actually did, transmit and receive articulate speech 
through telephones with metallic oe. The character and 
construction of the diaphragm, and the fact that the Globe report 
was transmitted by it, is described and told in an extract from the 
Globe of Feb. 15, 1877, given in a former answer, page 256. Such 
telephones were publicly used in New York May 11, 1877, and a de- 
scription of the use and of the instrument, mentioning the iron plate, 
was given in the New York papers of the next day; an extract from 
the Tribune report has been given on page 267. ae 

Other public uses of the king telephone with metallic dia- 
phragms were made in New York May 17, 18, 19, 1877, and reports 
of their use are in the New York papers of the next day. These 
reports — that the audience publicly transmitted and received 

y them. 

Int. 17. Please state whether Mr. Bell and his associates made, 
with your knowledge, in the spring of 1877, any arrangements for 
the manufacture of electric speaking telephones, under-his patents, 
and with metallic diaphragms for — commereial use; and, if 
so, state whom they arranged with ‘or their manufacture. 

Ans. Mr. Bell and his associates made an arrangement with 
1841 Charles Williams, Jr., of Boston, for the manufacture of such 
telephones some time previous to April 1, 1877. 

Int. 18. Was any arrangement made with Mr. Williams to act as 
agent for Mr. Bell and his associates in putting out telephones for 
private lines; if so, what was the nature of the arrangement? 

Ans. An arragement was made prior to April 1, 1877, by which 
Mr. Williams obtained the right to supply the public with tele- 
phones made under Bell’s patents. He was to be allowed a com- 
mission on all he leased. ‘ 

Int. 19. Please state the first line that was put up in the vicinity 
of Boston for the use of such telephones on it, giving any extracts 
from newspapers or other publications which you may have relating 
to it. : 


— a. » — 
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Ans. Before April, 1877, a line of wire was built from Boston to 
Somerville for the express purpose of being used with telephones. 
It is correctly described in the following newspaper extracts: 


Boston Daily Advertiser. 
April 5, 1877. 


“ The first telephone line that was ever established has just been 
constructed between the office of Mr. Charles Williams, electrician, 
in this city, and his house in Somerville, and a conversation can be 
carried on with perfect distinctness. Mr. Bell was in New York 
on Tuesday evening and conversed readily over the regular wires 
with parties in this city. He lectures in Providence this evening on 
telephones.” 

. Boston Post. 
Thursday morning, April 5, 1877. 


“The telephone has been put into practical use. Yesterday a 
line was opened from the office of Charles Williams, Esq., 109 Court 
street, to his house in East Somerville. The great value of this in- 
vention is thus manifested, for by its uses Mr. Williams is now able 
to converse with his family when separated from them by fully 
three miles of distance.” 


1842 The Boston Daily Globe. 
April 5, 1877. 


“ Perfecting the Telephone. 


“Prof. A. Graham Bell, the inventor of the telephone, had the 
leasure of assisting at the opening of the first regular telephone 
ine in the world, a private line between the place of business of a 

gentleman in this city and his residence in Somerville. The instru 
ment worked admirably and the enterprising coe — is very 
much pleased with his private telephonic wire between town and 
home. The practical value of Prof. Bell’s invention is being newly 
proved every day. 

“ While the professor was in New York recently he communicated 
with his associate in Boston, Mr. Watson, and the telephone trans- 
mitted conversation over two hundred and eighty miles of space 
with wonderful clearness and distinctness of sound.” 


The Boston Herald. 
April 5, 1877. 
The first telephone line ever establishsd has just been constructed 
between the office of Mr. Charles Williams, electrician, in this city, 


and his house in Somerville. 
35—1047 
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The Boston Traveller. 
April 5, 1877. 


“The first telephone line everlestablished has just been constructed 
between the office of Mr. Charles Williams in this city and his house 
in Somerville.” 


The telephones used on this line had metallic diaphragms. The 
owners of Mr. Bell’s patents were about to manufacture largely 
for general commercial use, and this line was constantly used for 
the public to talk over that they might be induced to buy or hire 
telephones. Such use by the public was made large in April, 1877. 

Int. 20. Please to describe some other lines that were used for 
Mr. Bell’s telephones in April or the early part of May, 1877, and 
give any newspaper-extracts you may have relating to them; and 

if you wrote and published any circular or advertisement re- 
1843 lating to telephones fur commercial use — a copy of 

it, and state generally what exertions were made in the way 
of putting telephones on the market for sale or on lease during May, 
1 


Ans. Between April 20 and 30, 1877, a line was built connecting 
the laboratory of Prof. Bell, No. 5 Exeter Place, with the office of 
Charles Williams, Jr., No. 109 Court street; and about the same 
time telephone connection was made between said laboratory and 
the office of Stearns & George, 37 Pearl street. These lines were 
specially erected for the business convenience of the parties inter- 
ested, and were fitted up with telephones, all of which had metallic 


diaphragms. 
Journal of the Telegraph. 
April 16, 1877. 


“ The first regular telephone line has been put in tion be- 
tween the place of business of Mr. C. Williams, 109 rt street, 
Boston, Mass., and his residence in Somerville, a distance of about 
three miles. Mr. Williams states that it works well, and that 
‘conversation can be carried on by it nearly as well as if in thesame 
room.’ 77 

Abaut Max 1. 1877, telephones with metallie diaphragms were put 
on a line connecting the office of Stone & Downer, 28 State street, 
Boston, with the residence of one of the parties in Somerville, con- 
cerning which they addressed the following letter to Mr. Gardiner 
G. Hubbard, who at that time had charge of the business interests 
under the Bell patents: 


“ Office of Stone & Downer, Custom-House Brokers and Forwarders, 
Dealers in Specie, Government Bonds and Stocks, Exchanges on 
the Provinces and San Francisco, 28 State street, Boston, May 14, 
1877. 

“ Gardiner G. Hubbard, Esq., Cambridge, Mass. 

“Dear Sir: In reply to your inquiry regarding the use of the 
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telephone I would state that we placed them on our line between 
Boston and North Somerville some two weeks ago; we have used 
them constantly since with good success; in fact, we have become 

so used to them that we use them in preference to the‘ Morse 
1844 system, being able by the use of the telephone to transmit 

our messages much faster and with a great deal less labor. 
We have experimented several times with musical instruments, and 
in each case have been attended with remarkable success ; the play- 
ing of a piano being heard very distinctly, and no difficulty expe- 
rienced in distinguishing the piece being played. We can certainly 
indorse the telephone as a success, and believe it can be used prac- 
tically with many advantages over the old system of — hy. 

“ Yours respectfully, R. C. & F. W. DOWNER.” 


The inquiry of Mr. Hubbard reſerred to in said letter was with 
the view of drawing out a reply from the Messrs. Downer for publi- 
cation in a circular then in course of preparation, and which was 
immediately thereafter printed for general circulation and widely 
distributed, which circular was in the following words: 


“ The Telephone. 


“The —— of the telephone, the invention of Alexander 
Graham , for which patents have issued by the United States 
and Great Britain, are now prepared to furnish telephones for the 
transmission of articulate speech through instruments not more than 
twenty miles apart. Conversation can be easily carried on after 
slight practice, and with the occasional repetition of a word or sen- 
tence. On first listening to the telephone, though the sound is per- 
fectly audible, the articulation seems to be indistinct; but after a 
few trials the ear becomes accustomed to the peculiar sound, and 
finds little difficulty in understanding the words. 

“The telephone should be set in a quiet place, where there is no 
noise which would interrupt ordinary conversation. 

“The advantages of the telephone over the telegraph for local 
business are— 

First. That no skilled operator is required, but direct commu- 
nication may be had by speech, without the intervention of a third 

“Second. That the communication is more rapid, the 
1845 —— number of words transmitted a minute by Morse 
sou being from fifteen totwenty ; by telephone, from one 

to two hundred. g 

“Third. That no expense is required either for its operation, main- 
tenance, or ir. It needs no battery and has no complicated 
machinery. It is unsurpassed for economy and simplicity. The 
terms for leasing two telephones for social purposes, connecting a 
dwelling-house with any other building, will be $20 a year—for 
business purposes $40 a year—payable semi-annually in advance, 
with the cost of — SS New York, Cincinnati, 

Chicago, St. Louis, or San i The instruments will be kept 
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in good working order by the lessors, free of expense, except from 
injuries resulting from great carelessness. 

“Several telephones can be placed on the same line at an addi- 
tional rental of $10 for each instrument, but the use of more than 
two on the same line where privacy is required is not advised. 
Any person within ordinary hearing distance can hear the voice 
calling through the telephone. If a louder call is required one can 
be furnished for . 

“Telegraph lines will be constructed by the proprietors if desired. 
The price will vary from $100 to $150 per mile ; any good mechanic 
can construct a line. No. 9 wire costs 8} cts. a pound—320 pounds 
to the mile; 34 insulators, at 25 cts. each; the price of poles and set- 
ting varies in every locality ; stringing wire, 88 per mile; sundries, 
$10 per mile. 

“Parties leasing the telephones incur no expense beyond the 
annual rental and the repair of the line wire. 

“Qn the following pages are extracts from the press and other 
sources relating to the telephone. 


“May, 1877. 
“GARDINER G. HUBBARD, 
“ idge, Mass. 


“For further information and orders address Thos. A. Watson, 
109 Court St., Boston.” 


In addition to the foregoing this circular contained a long extract 
from the reports on awards of the judges of the Centennial Exhibi- 
tion, Sir William Thomson, chairman; a series of resolutions 
1846 adopted by the Essex Institute, Feb. 19, 1877, relative to the 
telephone; an extract from the Providence Evening Press of 
March 19, 1877, giving an account of successful experiments by Prof. 
Bell in talking through the telephone over a line forty-three miles 
long ; an extract from the New York Herald of May 12, 1877, giv- 
ing a description of an exhibition by Prof. Bell at the St. Denis 
— and the letter of Messrs. R. C. & F. W. Downer, above given 
in full. 

In the New York Graphic of Wednesday, May 23, 1877, appeared 
the following article, relative to the practical use of the telephone, 
— — it is evident that this circular had at that date rea 
sew IOPrk : ; 


The Daily Graphic, New York. 
Wednesday, May 23, 1877. 


“ The telephone is quickly working out a practical application. A 
Boston company is prepared to furnish telephonic communication 
between places not over twenty miles apart. The advantages are 
thus set forth: Noskilled operator emploved ; a little practice makes 
any one master of the telephone ; communication more rapid—the 
telephone transmits one or two hundred words per minute, the old 
telegraph apparatus averages not more than twenty ; no expense 
required in its operation; no battery needed; two con- 
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necting two houses may be leased for $20 year. The company 
keep the instruments in working order. It must be understood that 
the rental mentioned above is for the use of the telephonic instru- 
ment. A telegraph line, when required, will cost from $100 to $150 
per mile.” 

In the early part of May, 1877, an arrangement was made with 
the Cambridge board of water-works for putting up telephones on 
a line connecting their office in Cambridge with the works at Fresh 
Pond. This practical use of the telephone for public purposes was 
referred to as follows in a Boston newspaper of May 19: 


The Boston Herald. 
May 19, 1877. 
“ Practical Use of the Telephone. 


“A telephone is to be placed in the city hall, Cambridge, in the 
office of the water board, to establish communication with 
1847 the water works at Fresh Pond. A line of wire has been 
constructed, it being originally intended for the use of the 
printing telegraph. At the suggestion of Hon.Gardiner G. Hubbard 
a telephone is to be substituted, that gentleman guaranteeing that 
the city shall be subjected to no expense unless the machine proves 
satisfactory.” 


The Boston Daily Advertiser. 
May 19, 1877. 
“ The First Practical Application of the Telephone. 


“The water board of Cambridge has decided to have telephone 
communication with the water works at Fresh Pond, in order to 
facilitate the sending of messages. The board. has accepted the offers 
of Mr. Gardiner G. Hubbard to place the telephone in operation, the 
city to be at no expense unless the arrangement proves sati 
Mr. Hubbard was formerly president of the board, and feels inter- 
ested in having Cambridge first to apply the wonderful invention to 
public service. 

In the early part of May, 1877, telephones with metallic dia- 


| em were put “pes lines connecting the office of E. T. Holmes, 
Was in 
Bassett 


street, Roston, with the — — of Brewster, 

Co., Congress street, and the office of Charles Williams, Jr., 
109 Court street. These lines were intended to demonstrate the 
value of the te ne in connection with the burglar and fire-alarm 
systems of Mr. Holmes, and a public exhibition of the same was 
given on the seventeenth day of May following, notice of which ap- 
peared in a ee ee — The telephones used 
on that line had metallic diaphragms. 
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Boston Evening Transcript. 
May 18, 1877. 
“The Telephone. 


“Another successful series of experiments with the telephone was 
made yesterday afternoon at the rooms of Prof. Holmes, electrician, 
on Washington street. At this place Mr. T. M. Carter played sev- 

eral cornet solos, which were distinctly heard at the rooms of 
1848 Messrs. Brewster, Bassett & Co., on Congress street, at a branch 
office on Court street, and in Somerville. 

“In response, Mrs. Williams sang several songs in Somerville, 
which were plainly heard at these points above mentioned in this 
city ; and singing from the Court street office was heard in all the 
other places. Conversation was also carried on between the several 
points connected with perfect ease.” 


On the eighteenth day of May, 1877, I personally put up a tele- 
hone in the office of H. L. Roosevelt, No. 40 West 18th street, New 
fork, connecting with another telephone supplied by Prof. Bell at 

said Roosevelt's residence, both of which had metallic diaphragms. 

On Monday, the twenty-first day of May, 1877, in pursuance of an 
arrangement made some time prior theretc, I put up telephones, 
with metallic diaphragms. on a line in Altoona, Pa., going from 
New York specially for that purpose. 

All the lines above referred to as erected in April and May, 1877, 
were put up for practical business purposes, and were so used from 
the date of their construction. 

During the months of April and May, 1877, Mr. Hubbard was 
constantly negotiating for the disposal of exclusive privileges, terri- 
torial licenses, ete., under the Bell patents, and for supplying tele- 

hones with metallic diaphragms for commercial use. In April or 
fore we made an agreement with Charles Williams, Jr., and the 
firm of Stearns & George, by which these parties acquired a right to 
the private line telephone business for Boston and vicinity within a 
radius of ten miles. 

Before May 1, 1877, said Hubbard was negotiating with Charles 
A. Cheever and others to supply telephones to them for general com- 
mercial use in New York city; with Russeil & Kinsman for their 
use in Boston; with E. T. Holmes for use of the telephone in Boston 
in his bank and express business, and with a great number of parties 
whose names I do not now recall, for territorial privileges in various 

rts of the country. The offers made to these persons by Mr. 

Hubbard in April and May were to furnish telephones to 
1849 them to be used on lines which they were to put up for any 
customer who might apply. 

Int. 21. Please state when the circular referred to in vour last 
answer, or its contents, were advertised or made public. 

Ans. Some time prior to May 16, 1877. 

Int. 22. How do you fix that date. 


Ans. The circular was prepared by Mr. Gardiner G. Hubbard, Mr. 
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Bell’s business manager, and an abstract from the circular was pub- 
lished in the New York Graphic of May 23, 1877, a copy of which 
has been given in my previous answer. These circulars were sent 
— Mr. Hubbard from Boston, and as Mr. Hubbard had leſt Boston 
on May 16 to attend the lectures of Mr. Bell in New York on the 
17th, 18th, and 19th, and on the 20th went to Altoona, Pa., with me 
to put up 2 and went direct from Altoona to Washington, 
I am certain they were mailed before he left Boston. 

Int. 23. Did you put up any electric speaking telephones with 
metallic diaphragms at Altoona, Pa., in May, 1877; if so, when, and 
for whom? 

Ans. I put up a set of such telephones Monday, May 21, 1877, for 
Mr. Gardner, superintendent of the Pennsylvania railroad. 

Int. 24. State, if you know, how early the arrangement to put up 
those telephones was made between Mr. Bell and his associates and 
the — — railroad, and when you received your directions 
to 7 to Altoona und put them up. 

ns. The arrangement was made beſore Mr. Hubbard leſt Boston, 
May 16, 1877; I received my instructions May 18 or 19. 

Int. 25. Some extracts from the Cambridge and Boston papers of 
May 19, 1877, given in your previous answers, refer to Bell telephones 
used or to be used by the Cambridge water board. Will you state 
when that arrangement was made, and how you fix the date? 

Ans. The arrangement was made between Mr. Hubbard and the 
water board early in May, 1877. It was made before Mr. Hubbard 
left for New York, May 16, 1877. 

Int. 26. One of your previous answers refers to telephones put up 

for Mr. Roosevelt, in New York, May 18,1877. State whether 
1850 or not you put them up or superintended putting them up, 
and how positively can vou fix the date. 

Ans. I put up one of them myself. Mr. Roosevelt put up the other. 
We immediatel used the line, and it worked very satisfactorily. I 
am able to fix the date, May 18, 1877, as the telephones were put up 
during the New York lectures, already mentioned, and the first and 
last days, the 17th and 19th, I was too busy to do anything but at- 
tend to preparations for the lectures. 

Int. 27. State what kind of diaphragms were in the instruments 
vou have described as having been made, furnished, or put up be- 
tween Jan. 1, 1877, and June 1, 1877. 

Ans. Thediaphragms in those instruments were composed entirely 
of soſt iron. 

Int. 28. Tho extracts from the Advertiser and the Globe of April 
5, 1877, given in your answer to Int. 19, refer the transmission of 
articulate speech over the regular wires between New York and Bos- 
ton a few days before. Please state whether or not such transmis- 
sion took place, and whether you took part in it. 

Ans. Such transmission took place as described. I was at the 
Boston end of the line, and talked with Mr. Bell in New York. 

Int. 29. Please describe the telephone that was used on that occa- 
sion. 


Ans. It was what was called a box-telephone, consisting essen- 
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tially of a large permanent magnet, with coils of wire on its ends, 
and a diaphragm of soft iron, fastened on a wooden block behind a 
mouthpiece, and the whole covered with a thin wooden box. It is 
essentially like the drawing Defendants’ Exhibit Bell Telephone A, 
page 772, Vol. II of the record in the Dowd case. That drawing. 
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1851 Bell Telephone A,” Page 772 of Dowd Case. 
(Record, page 286.) 
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A. ~ are ~ be. P magnet. 
B etallie diaphragm. 5 Signal call. 
Dimensions: 
Length of permanent magnet 73 inches. 
Length of Danasichliinsshesipenipleonnib — ů — 3 
— 28088 —ů ——wm'ĩ. cues 3 
Diameter of diaphragm 3 
Length of speaking tube 3 
Box- Telephone (Vo. 39) of June, 1877. 
(Record, page 286.) 


2 


Dimensions: 
Length of permanent magnet (including core) 7% inches. 
* — — ——-— — “ 
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1852 Bar- Telephone (No. 251) of August, 1877. 
(Record, page 291.) 


A. Diaphragin broken off to show sound chamber. 
B. — chamber. 


Dimensions: 
Length of permanent magnet ---.------ 7 inches 
V REE SE 3) 
Diameter of spool....--.- -...-------------------- ee 
oe — . 9 CO 1 
40 diaph ence ce cece Coes ceeeee coececooe 4} 5 
“  gound chamber Sf“ 


Depth of sound chamber 4 
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1853 Hand Telephone (No. 10) of May, 1877. 


(Record, page 291.) 
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1 iaphragm (in the clear) -- 1? “ 
Hand Telephone (No. 18) of June, 1877. 


(Record, page 291.) 
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Dimensions : 
Length of permanent magnet 4,4, inches. 
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1854 Rubber Hand Telephone, in use since Dec., 1877. 
(Record, page 291.) 
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8 diaphragm (in the clear) 3 


however, shows the instrument with its cover off in order to exhibit 
its interior. In practice a wooden cover like a box went over the 
whole interior part, which was screwed onto the base, and this is what 
gave it the name of box-telephone. As we the 
were ually made neater and smaller. I have here before me on 
the table box-telephone No. 39, which was made in June, 1877. A 
sectional cut of this will be made part of my answer. In this the 
cores of the coils are prolongations of the magnet. They were aſter- 
wards placed on the side of the magnet, and the position of the 
1855 diaphragm and mouthpiece changed so as to occupy the same 
ion in relation to the cores as in No. 39. is much 
reduced the size of the instrument and allowed it to be screwed 
directly to the wall. The change was made about Aug. 1, 1877. I 
produce one, No. 251. 

Those used at the lectures in the spring of 1877 were substan- 
tially like the exhibit, but were much larger. The first modification 
was to reduce the size of the box and the : 
the position of the cores on the magnet, and about the middle of May, 
1877, we to make the form of 
telephone. I have one here, which I now produce for i 
No. 10 of the manufacturer's series of hand telephones was made in 
the last of Ma oe ae es — 
my answer. In this telephone is a solid si 
steel magnet, about four inches long. i 
of an inch in diameter and half an inch 
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iron about two inches in diameter. The whole is mounted in a 
wooden handle, similar in shape to a butter stamp, so that it can be 


easily handled. 
r this form, No. 10, we modified the shape of the hand tele- 
hone, making it a little larger and a plainer shape, with a rather 
eeper flare at the mouthpiece. This change was made early in 


June, 1877. I produce one of this form, No. 18 of the manufact- . 


urer’s series, a cut of which I insert as part of my answer. 

About the middle of December, 1877, we gave up wood as a mate- 
rial for the handles of hand telephones, and adopted hard rubber of 
substantially the form now in use. 

I will also add that about the middle of August, 1877, we changed 
from single-bar magnets to compound-bar magnets made up of 
several layers of magnetized steel, which was stronger and easier to 
magnetize than the single-bar magnet. 

y recollection is very strong that no hand telephones were actu- 
ally put out for commercial use before the first of June, 1877, or 

within a few days of that time. 
1856 Int. 30. Will you state about how many magneto-tele- 
phones are now in use in this country as transmitters? 

Ans. About twenty-five thousand are so used, without counti 
those used in connection with Blake transmitters as receivers, whic 
are often used as transmitters in case of temporary derangement of 
the Blake transmitters. I have in mind one instance of the use of 
ae as transmitters. The Massachusetts Institute of 
Technology has recently been fitted with telephones on lines con- 
necting their various departments—about twenty stations. At all 
these stations magneto-telephones are used as transmitters and give 
perfect satisfaction. 

Int. 31. Please state how many electric speaking telephones made 
by Mr. Bell or his associates under his patents were in public and 
commercial use at the dates which I will indicate. 

Ans. By June 30, 1877, about 164 hand and 70 box telephones. 

By July 31, 1877, about 658 hand and 120 box telephones were 
in public use. 

y Aug. 31, 1877, about 1,000 hand and 300 box telephones. 
were in public use, all of which had metallic diaphragms of soft 
iron. 

By Oct. 31, 1877, about 3,000 telephones in all were in use. 

By June 1, 1879, over 33,000 were in use. 


— by W. D. BaTDbwiIN, Esgq., of counsel for 
ray: 

Cross-int. 32. Please point out any portion of Bell's patent of 
March 7, 1876, which in term specifies an electric speaking tele- 


phone. 
Ans. I cannot find that the patent mentioned uses that term. 


(Adjourned. 
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Mac 11. 
* — examination resumed by Mr. Sronnow, of counsel for 


Int. 33. Please state whether or not said patent states and shows 
an apparatus by which the same vocal sound that is uttered into 
the transmitter by the human voice is heard to proceed from the 
receiver — any limitation as to the character of the 

sound. 
1857 Ans. It certainly does. 
Int. 34. Please state, as to the early telephones put out in 
April and May, 1877, whether written leases for them were executed 
at the time the instruments were furnished and put up, or whether 
the leases were executed subsequently: and state, if you recollect, 
the earliest date when any such leases were executed. 

Ans. The leases were invariably executed from a week to s month 
later than the date of putting the instruments in use. The date of 
the first lease that was executed for telephones was June 8, 1877. 


Cross-examination by L. W. SxnnxLL, Esq., of counsel for 
Edison : 

Cross-int. 35. Please refer to the drawing marked “ Exhibit No. 
37 (25), Bell’s Toronto Drawing, and state at what time the instru- 
ment shown in the lower right-hand figure was first employed in the 
manner indicated in the writing under that figure. 

Ans. Some time during June or July, 1875; certainly not later 
than the middle of July, 1875. 

Cross-int. 36. Please refer to page 71 of Prescott’s Work on the 

ing Telephone, etc., 1879, and state whether or not the account 
given of the instrument, Fig. 49, corresponding with the sketch last 
referred to, is correct. 

Ans. I do not consider that it is correct. 

Cross-int. 37. [t appears to have been a statement made by Mr. 
Bell in his lecture before the Society of — — Engineers, Oct. 
31, 1877. Do you now think that your recollection of the i 
of that instrument is more correct than the statements of Mr. Bell, 
given ovor three years ago” 

Ans. I do. 

Cross-int. 38. Wherein was Mr. Bell’s statement then given incor- 
rect, and when did you first find out that it was incorrect ? 


(Question objected to, for the reason that it is a matter which the 
examining counsel should have examined Mr. Bell upon if he de- 
sired the information. Counsel for Mr. Edison replies that he had 
no reason to sup his statements made at his lecture were incor- 
rect, or else he should have asked Mr. Bell upon the subject. 

Counsel for Bell — — = —.— — Edison 
1858 as improper to go upon the record, an use, tlie subject 
having been fully gone into on Mr. Bell’s examination, coun- 

sel refrained cross-examining him.) 


. 


Ans. The results were entirely satisfactory to both of us, and Mr. 
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Bell was tly encouraged by the result of the experiment. I dis- 
covered that — incorrect when I first read the lecture, about a 
month or two after it was delivered. 

Cross-int. 39. Did you call Mr. Bell’s attention, and, if so, when, 
to the incorrectness of the statements he had made? 

Ans. I think I did, immediately on his return from England, in 
the winter of 1878-9. | 


Cross-int. 40. Please refer to Fig. 7 of Bell’s first patent, No. 174,465, ! 


and state whether or not the instrument therein represented is the 
same one as that shown in Fig. 49 of Prescott’s work before spoken 
of, and mentioned in Mr. Bell’s lecture before the Society of En- 
gineers. | 

(Objected to, on the ground that the figures speak for themselves.) 


Ans. Each of the figures referred to shows two telephones. The 
left-hand one of those in Fig. 7 of the patent is substantially the 
same as either of those shown in Fig. 49 of Prescott’s book. The 
right-hand instrument of Fig. 7 of the patent differs substantially 

in the shape of the mouthpiece. 

Cross-int. 41. About how many instruments did Mr. Bell make 
with a membrane diaphragm, an electro-magnet, and a hinged arma- 
ture upon one pole of the magnet connected with the diaphragm 
similar to those shown in the figures referred to, regardless of the 
shape of the mouthpiece, before the end of 1877? 

Ans. At least two. 

Cross-int. 42. Did Mr. Bell use, in connection with those instru- 
ments, — ery in either of the forms shown in the drawings 
before refi to? 

Ans. The mouthpieces, as I remember them, were similar to those 
shown in Fig. 7 of the patent. The instruments were 
in — a manner that different shapes of mouthpieces could be 
attached. 

Cross-int. 43. Are you confident that such tubes or mouthpieces 

were used with these instruments ? 
1859 Ans. I am. 3 3 
Cross-Int. 44. Please refer to the drawing of the instrument 
Exhibit 40 (Exhibit 28, P. 233, of pending case), after 75, Vol. 
II, of the Dowd case, and alsu to Figs. 51 and 59, pages 72 and 93 of 
Prescott’s ing Telephone, and. state whether or not those three 
figures are intended to represent the same instrument. ) 

Ans. Figs. 51 and 59 of Prescott’s work represent the same instru- 
ment, but the drawing Exhibit 40 (28 of pending case) represents a 
different instrument. ak 

Cross-int. 45. How many instruments like Exhibit 28 were made 
prior to the end of 1877 ? 

Ans. I — remember one exactly like this figure. 

Cross- int. 46. What kind of a metal plate was used on the top of 
that instrument, and how was it fastened ? 

Ans. The metal plate was made of soft iron, about the same diame- 
ter as the top of the tube, and about two one-hundredths of an inch 


thick, and the instrument was generally used with the plate laid 
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on the top of the tube and held there by the attraction of the mag- 
net. We sometimes used a wooden mouthpiece, which fitted on the 
top of the tube and pressed upon the of the — 
oan wooden mouthpiece was used during ber or November, 

Croes-int. 47. When was any instrument made with the plate fast- 
ened at one edge to the tube and standing up at the opposite 
from the tube, as represented at Figs. 51 and 59 of Prescott’s work, 
before referred to? : 

Ans. The first instrument of this kind that had the screw through 
the edge of the diaphragm was the one given to Sir Wm. Thomson, 
in the summer of 1876 The office of the screw was merely to pre- 
vent the diaph from being lost. 

Cross- int. 48. When the screw was tightened did not the opposite 
edge of the disk or diaph rise above the top of the tube? 

Ans. I am very certain that it did not. 

Cross-int. 49. Do you know who furnished the drawings of these 
instruments that have been put in Mr. Prescott’s said — being 
part of Mr. Bell’s London lecture? 

Ans. I do not. 
1860 Cross-int. 50. How many instruments, substantially like 
Fig. 51 in Prescott’s work, were made before the end of 1877 ? 

Ans. I perfectly remember three. 

Cross-int. 51. about how many occasions during 1876 was an 
instrument made use of corresponding to Fig. 7 of Bell patent 

No. 174,465? : 

Ans. Such an instrument was used constantly during the experi- 

ments made by Mr. Bell in the summer of 1875. It would be im- 

ible to say on how many occasions it was used, as I have no 
doubt it was used a dozen times a day on some days. In 1876 the 
instrument had been improved, and I do not remember this exact 
form being used at any time during 1876. 

Cross- int. 52. What was the next or improved form of the instru- 
ment spoken of in your last answer? | 

Ans. That shown in Fig. 58, page 93, of Prescott’s work. 

Cross-int. 53. When was this first used ? 

Ans. In the early summer of 1876. This is one of the forms that 
was used at the Centennial. 7 

Cross-int. 54. Please refer to Fig. 3, on pages 1 and 2 of Vol. II 
of the Dowd telephone suits, and state whether or not the hole in 
the top of the case there a is the same hole in the case that 
was held to be detrimental, as was spoken of in answer to Int. 50, on 

546, Vol. I, of the Dowd telephone suits (page 211, * 
ns. The hole in the figure is in a similar position in relation to 
the diaphragm, and would have the same detrimental effect as those 
holes spoken of in answer to the 1 aw inquired upon. 

Cross-int. 55. On page 551, Vol. I, of the Dowd telephone suits, do 
I understand correctly that your experiments led you to understand 
that there is no difference between a speaking telephone when a 
tube is used of some considerable length for the sound to travel 


through between the diaphragm and the operator and one having aw 
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only a flaring opening, as shown in the drawing Complainants’ 
Exhibit 25 (46 of wantin case), following page 49 of Vol. II of the 
telephone suits ? 

Ans. If the tube is not more than a foot long, and about 
1861 five-eighths of an inch internal diameter, there would be no 

practical difference. This I know from experiment. 

Cross-int. 56. Suppose the tube was smaller than five-eighths of 
an inch in diameter, what would be the operation ? 

Ans. I have never used a tube smaller than about th ighths 
of an inch internal diameter, and such a tube — pecieetly 
satisfactorily. 3 
Cross-int. 57. Suppose that the tube was more than five-eighths 

of an inch in diameter, what then do you find? 

Ans. If it were considerably more in diameter it would be apt 
to give a booming quality to the articulation. 

int. 58. Was any such booming sound noticeable upon the 
instrument corresponding with Fig. 7 of the Bell patent No. 174,465, 
or the receiver No. 2, following page 49, Vol. II, of the telephone 
suits, or Exhibit No. 22, or Exhibit No. 38, following page 75, or 
Exhibit, No. 39 (Exhibits 43, 26, 27 of pending — | 

Ans. The articulation of these instruments was always character- 
ized by what I term a “booming” quality. | 

Cross-int. 59. Do you consider that booming quality detrimental 
- analy an extent as to interfere with the practical use of the tele- 
phone? 

Ans. Had we no better telephones at the present day we could 
use practically any of those mentioned in Cross-int. 58. 

Cross- int. 60. On page 550, Int. 71 of your testimony, of Vol. I 
of the telephone suits (page 215, supra) you speak of the battery be- 
ing discarded in December, 1876; why was it discarded ? 

Ans. Because, about the time mentioned in that answer, we made 
such improvements in the permanent magnet telephone that the 
results obtained from such telephones were superior to those obtained 
from telephones in which the magnetism was produced by an electric 
current from a battery in the circuit. 

Cross- int. 61. About when, after December, 1876, did the Bell 
re) introduce batteries in their telephone circuits? 

Ans. About November, 1878, telephones were introduced by the 
owners of Mr. Bell's patent that required the use of a battery in cou- 
nection with them. 

Cross-int. 62. Tell us what telephones those were. 

1862 Ans. What is known as the Blake transmitter. 

Cross-int. 63. Is it a fact, then, that previous to the intro- 
duction of the Blake transmitter the Bell Company had only used 
magneto transmitters and receivers without a battery ? 

Ans. It is a fact. 

Cross-int. 64. How long before the introduction of the Blake trans- 
mitter had other parties—such, for instance, as the Gold and Stock 
— Company —used transmitters with a battery, as far as you 

now ? ? 

Ans. As nearly as I can remember, one or two months. 


1843 


Cross-int. 65. About how many telephones has the Bell Company 
now in operation in the different cities and places under its license; 
and what proportion of those instruments are in circuits provided 
with batteries, and what proportion without batteries? | 

Ans. The Bell Company has about 150,000 telephones in use under 


its license in the United States, of which about 60,000 have bat- .. 


teries used in connection with them; the rest are magneto-telephones 
which are not provided with batteries. 

Cross-int. 66. About how many magneto-telephones are in use 
upon circuits in which batteries are provided for use when desired? 

Ans. About 90,000. 

Cross-int. 67. About how many magneto-telephones are in use 
upon circuits in which batteries are not provided at all, directly or 
indirectly? 

Ans. ewhat more than 25,000. 

Cross-int. 68. Is it not a fact that in cities where there are numer- 
ous lines adjacent to telephone lines that the magneto-telephone 
without any battery in the circuit is very liable to indicate false 
sounds? 

Ans. No more so than with the battery. 

Cross- int. 69. Is it not a fact that in instances where a carbon- 
transmitter and u battery are made use of under the circumstances 
required in the last question the sounds are much more clear and 
distinct than they are when a magneto-transmitter is made use of? 

Ans. The carbon or battery transmitter of any kind will undoubt- 

edly transmit sound more loudly than a magneto-transmitter ; 
1863 but either could be and is used under the circumstances de- 
scribed in Cross-int. 68. 

Cross-Int. 70. Is it not a fact that telephone instruments in which 
batteries and carbon, or similar trausmitters, are employed are less 
liable to detrimental influences by inductive currents than the mag- 
neto instruments. 

Ans. The only effect of inductive currents on a telephone circuit 
that would be detrimental to its working is the noise produced by 
such currents in the receiving telephones connected with such cir- 
cuit. This noise would be no greater if a magneto-telephone was 
used as a transmitter than if a battery-transmitter was used. 

Cross-Int. 71. When a battery-transmitter is used under the cir- 
cumstances spoken about in your last answer do the noises interfere 
with the reception of the message as much as they do when a mag- 
neto-transmitter is used ? 

Ans. They do not. : 

Cross-Int. 72. And is that the reason why the battery-transmitters 
has been as extensively used as indicated in your previous evidence? 

Ans. That is one reason. 

Cross-int. 73. Have you made any careful experiments by which 
to ascertain the comparative merits of the Edison carbon-transmitter 
and the Blake carbon-transmitter, taking into account the reliability 
of the adjustment, the — — under different atmos- 
pheric conditions, the quality the articulation at the receiving in- 


strument, and the relative cost of construction ? 
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only a flaring opening, as shown in the drawing Complainants’ 
Exhibit 25 (46 of pending case), following page 49 of Vol. II of the 
telephone suits ? 
Ans. If the tube is not more than a foot long, and about 
1861 five-eighths of an inch internal diameter, there would be no 
practical difference. This I know from experiment. 

Cross-int. 56. Suppose the tube was smaller than five-eighths of 
an inch in diameter, what would be the operation ? 

Ans. I have never used a tube smaller than about three-eighths 
of an inch internal diameter, and such a tube — — 
satisfactorily. 7 

Cross-int. 57. Suppose that the tube was more than five-eighths 


of an inch in diameter, what then do you find? 


Ans. If it were considerably more in diameter it would be apt 

to give a booming quality to the articulation. 

int. 58. Was any such booming sound noticeable upon the 
instrument corresponding with Fig. 7 of the Bell patent No. 174,465, 
or the receiver No. 2, following page 49, Vol. Ir < of the telephone 
suits, or Exhibit No. 22, or Exhibit No. 38, following page 75, or 
Exhibit, No. 39 (Exhibits 43, 26, 27 of pending — 

Ans. The articulation of these instruments was always character 
ized by what I term a “booming” quality. 

Cross-int. 59. Do you consider that booming quality detrimental 
to — an extent as to interfere with the practical use of the tele- 
phone? 

Ans. Had we no better telephones at the present day we could 
use practically any of those mentioned in Cross-int. 58. 

Cross- int. 60. On page 550, Int. 71 of your testimony, of Vol. I 
of the telephone suits — 215, supra) you speak of the battery be- 
ing discarded in December, 1876; why was it discarded ? 

Ans. Because, about the time mentioned in that answer, we made 
such improvements in the permanent magnet telephone that the 
results obtained from such — were superior to those obtained 
from telephones in which the magnetism was produced by an electric 
current from a battery in the circuit. 

Cross- int. 61. About when, after December, 1876, did the Bell 
Company introduce batteries in their telephone circuits? ~ 

Ans. About November, 1878, telephones were introduced by the 
owners of Mr. Bell’s patent that required the use of a battery in con- 
nection with them. 

Cross-int. 62. Tell us what telephones those were. 

1862 Ans. What is known as the Blake transmitter. 

Cross-int. 63. Is it a fact, then, that previous to the intro- 
duction of the Blake transmitter the Bell Company had only used 
magneto transmitters and receivers without a battery ? 

Ans. It is a fact. 

Cross-int. 64. How long before the introduction of the Blake trans- 
mitter had other parties—such, for instance, as the Gold and Stock 
Pelegraph Company—used transmitters with a battery, as far as you 

now 

Ans. As nearly as I can remember, one or two months. 
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Cross-int. 65. About how many telephones has the Bell Company 

now in operation in the different cities and places under its license; 
and what proportion of those instruments are in circuits provided 
with batteries, and what proportion without batteries? 
_ Ans. The Bell Company has about 150,000 telephones in use under 
its license in the United States, of which about 60,000 have bat- 
teries used in connection with them ; the rest are magneto-telephones 
which are not provided with batteries. 

Cross-int. 66. About how many magneto-telephones are in use 
upon circuits in which batteries are provided for use when desired? 

Ans. About 90,000. 

Cross-int. 67. About how many magneto-telephon 


. es are in use 
upon circuits in which batteries are not provided at all, directly or 


indirectly? 

Ans. Somewhat more than 25,000. 

— — Is it — — = in —— — — 
ous lines adjacent to telephone lines m ne 
— any battery in the circuit is verv liable to indicate false 
sounds! 

Ans. No more so than with the battery. 

Cross- int. 69. Is it not a fact that in instances where a carbon- 
transmitter and u battery are made use of under the circumstances 
required in the last question the sounds are much more clear and 
distinct than they are when a magneto-transmitter is made use of? 

Ans. The carbon or battery transmitter of any kind will undoubt- 

edly transmit sound more loudly than a magneto-transmitter ; 
1863 but either could be and is used under the circumstances de- 
scribed in Cross-int. 68. 

Cross-Int. 70. Is it not a fact that telephone instruments in which 
batteries and carbon, or similar transmitters, are employed are less 
liable to detrimental influences by inductive currents than the mag- 
neto instruments. 

Ans. The only effect of inductive currents on a telephone circuit 
that would be detrimental to its working is the noise produced by 
such currents in the receiving telephones connected with such cir- 
cuit. This noise would be no greater if a magneto-telephone was 
used as a transmitter than if a battery-transmitter was used. 

Cross-Int. 71. When a battery-transmitter is used under the cir- 
cumstances spoken about in your last answer do the noises interfere 
with the reception of the message as much as they do when a mag- 
neto-transmitter is used ? 

Ans. They do not. : 

Cross-Int. 72. And is that the reason why the battery-transmitters 
has been as extensively used as indicated in your previous evidence? 
Ans. That is one reason. 


quality 
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Ans. I have made many such experiments and am familiar with 
the relative cost. 

Cross-int. 74. Is it not a fact that in the Blake transmitter the elec- 
trodes are liable to separate where a loud talking or shouting takes 
place at the instrument? 

Ans. This is a defect common to all battery-transmitters, and the 
Blake transmitter is no more affected that way than any other. 
Cross-int. 75. Do you know whether in the Edison carbon-trans- 

mitter the electrodes will separate under the circumstances inquired 

of in the last question? : 
Ans. It will under certain adjustments. 

1864 Cross-int. 76. Please answer my previous question under 
the.supposition that the Edison instrument is adjusted in the 

most approved manner by a —ͤ— person. 

Aus. The most approved method of adjusting an Edison trans- 
mitter is undou v to make the pressure of one electrode against 
another 80 t that it would not separate under the influence of 
shouting. is necessitates placing the lips close to the mouthpiece 
when talking to it. In practice this is inconvenient, and the trans- 
mitter is often adjusted with the electrodes pressing less tightly, so 
that the lips need not be placed so closely to the mouthpiece. Under 
the latter adjustment the electrodes would separate if spoken to 
loudly with the tips touching. | 

Cross-int. 77. Have you ever known of any instance where the 
electrodes in the Blake transmitter have been injured by an electric 
spark passing when the electrodes were separated ? 

Ans. I have never known an instance of the Blake transmitter 
being injured that I have traced to this cause. 

Cross-int. 78. Have the Bell Company ever manufactured the Edi- 
son carbon-transmitter themselves; and, if so, to what extent? 

Ans. The Bell Company do not manufacturing whatever. The 
Bell Company have ordered about five hundred from the Western 
Electric Manufacturing Company since November, 1879. These 
were ordered shortly after the Bell Company obtained control of the 
Edison patents. 

Cross-int. 79. Is it not a fact that the Bell Company now has the 
entire control of the telephone business so far as the Edison, Blake, 
Bell, and Gray inventions are concerned and can supply whichever 
instrument they see fit to their customers ? 

Ans. It is a fact that the Bell Company has such control, but it 
has to supply such telephones as are called for by its agents. 

Cross-int. 80. About how many Edison carbon-transmitters were 
turned over to the Bell Company at the time of the consolidation in 
November, 1879 ; 

Ans. Between 15,000 and 20,000. 

Cross-int. 81. And about how many of them are now in use? 

Ans. I should judge about one-half that number. 

Cross-int. 82. Is the article in the Scientific American, Sept. 

1865 9, 1876, a correct statement of the extent of success obtained 

by Mr. Bell at that time? | 
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Ans. It is, 1 think, substantially correct. The first part of it 

refers to experiments made several months previous. 

* Cross- int. 83. In the trial of the telephone for articulate speech 

on a telegraph line, which was stated was on the 9th of October, 

1876, referred to in your answer to Int. 14, what kind of instruments 

were made use of? a 
Ans. Both instruments used in the experiment described inthe ~~ 

article from the Boston Advertiser of Oct. 9, 1876, were substantially 

the same as Complainants’ Exhibit No. 38 Bell’s Single Pole Cen- 

tennial Membrane Telephone (Exhibit 26 in pending case), follow- 

ing page 75 of the Dowd suit, Vol. II. But the mouthpieces were 

omi 


Cross-int. 84. Were the instruments made use of in the trial be- 
tween New York and Boston, April, 1877, at both ends alike? And 
state whether or not any battery was used on the line. 

Ans. They were substantially alike, and no battery was used. 

Croes-int. 85. State whether or not the magnet was adjustable. 

— 86 And hat respect ilar to the magnet 

int. nd in what was it similar to the m 
shown in Bell’s patent of Jan. 30, 1877, No. 186,787? g 

Ans. It had precisely the same adjustment as that shown in Figs. 
2 and 3, but had a horseshoe instead of a bar magnet. 

— When first did Mr. Bell make use of an iron dia- 

Ans. One of the telephones exhibited at the Centennial, in July, 
1876, was the first instrument I know of that had an iron diaph . 

Cross-int. 88. When first did Mr. Bell make use of an iron dia- 
phragm with a case or mouthpiece intervening between the dia- 
) phragm and the mouthpiece of the speaker or the ear of the listener? 

Ans. In August, 1876. 

Croes-int. 89. Please refer to the instrument shown in Figs. 2 and 
3 of Bell’s patent, No. 186,787, and state when first such an instru- 
ment was made. 

Ans. It was made about the middle of October, 1876. 

1866 Cross-int. 90. To what extent have instruments like those 
| -shown in the said figures of the patent been made or used ? 
2 Ans. I consider that all the magneto-telephones that the Bell 
Company has in use are substantially like the telephones shown in 

igs. 2 and 3 of that patent, the di being chiefly in the case 
and shape of the mouthpiece. Not over a dozen telephones exactly 
like those shown have ever been manufactured. 

Cross-int. 91. So far as the rights of the Bell Company relate to 
the invention of Mr. Bell, as now made use of by the company, is 
there any other patent or application of Mr. Bell other than the two 
age now in interference which shows any device or invention of 

r. Bell? 


Ans. There are st least two other patents that I . mind — 
Mr. Bell’s that relate to speaking telephones are o 
= the Bell Company, one of them No. 228,507, June 8, Iss The 
subject-matter of that patent is not now made use of by the com- 
| pany practice . lly. a 4 3 1 ‘ 


5 


— 


1844 


Ars. I have made many such experiments and am familiar with 
the relative cost. 

Cross-int. 74. Is it not a fact that in the Blake transmitter the elec- 
trodes are liable to separate where a loud talking or shouting takes 
place at the instrument? 

Ans. This is a defect common to all battery-transmitters, and the 
Blake transmitter is no more affected that way than any other. 
Cross-int. 75. Do you know whether in the Edison carbon-trans- 

mitter the electrodes will separate under the circumstances inquired 

of in the last question ? : 
Ans. It will under certain adjustments. 

1864 Cross-int. 76. Please answer my previous question under 
2 — that the Edison instrument is adjusted in the 

most approved manner by a competent person. 

Ans. The most approved method of adjusting an Edison trans- 
mitter is undoubtedly to make the pressure of one electrode aguinst 
another so i that it would not separate under the influence of 
shouting. This necessitates placing the lips close to the mouthpiece 
when talking to it. In practice this is inconvenient, and the trans- 
mitter is often adjusted with the electrodes pressing less tightly, so 
that the lips need not be — so closely to the mouthpiece. Under 
the latter adjustment the electrodes would separate if spoken to 
loudly with the tips touching. 

Cross-int. 77. Have you ever known of any instance where the 
electrodes in the Blake transmitter have been — by an electric 

rk passing when the electrodes were separated ? 

Ans. I have never known an instance of the Blake transmitter 
being injured that I have traced to this cause. 


Cross-int. 78. Have the Bell Company ever manufactured the Edi- 


son carbon-transmitter themselves; and, if so, to what extent? 

Ans. The Bell Company do not manufacturing whatever. The 
Bell —— have ordered about five hundred from the Western 
Electric Manufacturing Company since November, 1879. These 
were ordered shortly after the Bell Company obtained control of the 
Edison patents. 

Cross-int. 79. Is it not a fact that the Bell Company now has the 
entire control of the telephone business so far as the Edison, Blake, 
Bell, and Gray inventions are concerned and can supply whichever 
instrument they see fit to their customers? 

Ans. It is a fact that the Bell Company has such control, but it 
has to cu y Agen telephones as are called for by its agents. 

Cross-int. 80. About how many Edison carbon-transmitters were 
turned over to the Bell Company at the time of the consolidation in 
November, 1879” : 

Ans. Between 15,000 and 20,000. 

Cross-int. 81. And about how many of them are now in use? 

Ans. I should judge about one-half that number. 

Cross-int. 82. Is the article in the Scientific American, Sept. 
1865 9, 1876, a correct statement of the extent of success obtained 
by Mr. Bell at that time? | 
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Ans. It is, 1 think, substantially correct. The first part of it 
refers to experiments made several months previous. 

Cross-int. 83. In the trial of the telephone for articulate speech 
on a telegraph line, which was stated was on the 9th of October, 
1876, referred to in your answer to Int. 14, what kind of instruments 
were made use of? 

Ans. Both instruments used in the experiment described in the 
article from the Boston Advertiser of Oct. 9, 1876, were substantially 
the same as Complainants’ Exhibit No. 38 Bell’s Single Pole Cen- 
tennial Membrane Telephone (Exhibit 26 in pending case), follow- 
ing page 75 of the Dowd suit, Vol. II. But the mouthpieces were 
omitted. 


i 

Cross-int. 84. Were the instruments made use of in the trial be- 
tween New York and Boston, April, 1877, at both ends alike? And 
state whether or not any ba was used on the line. 

Ans. They were substantially alike, and no battery was used. 

Cross-int. 85. State whether or not the magnet was adjustable. 

—. T 80 d h ilar to the 

int. 8. And in what respect was it similar to the magnet 
shown in Bell’s patent of Jan. 30, 1877, No. 186,787? ä ‘ 

Ans. It had precisely the same adjustment as that shown in Figs. 
2 and 3, but had a horseshoe instead of a bar magnet. 

—3 87. When first did Mr. Bell make use of an iron dia- 
phragm 3 

Ans. One of the telephones exhibited at the Centennial, in July, 
1876, was the first instrument I know of that had an iron diaph . 

Cross- int. 88. When first did Mr. Bell make use of an iron dia- 
phragm with a case or mouthpiece intervening between the dia- 
phragm and the mouthpiece of the speaker or the ear of the listener? 

Ans. In August, 187 

Cross-int. 89. Please refer to the instrument shown in Figs. 2 and 
3 of Bell’s patent, No. 186,787, and state when first such an instru- 
ment was made. 

Ans. It was made about the middle of October, 1876. 
1866 Cross-int. 90. To what extent have instruments like those 
- shown in the said figures of the patent been made or used ? 

Ans. I consider that all the es that the Bell 
Company has in use are substantially like the te nes shown in 

igs. 2 and 3 of that patent, the di being chiefly in the case 
and shape of the mouthpiece. Not over a dozen telephones exactly 
like those shown have ever been manufactured. 

Cross-int. 91. So far as the rights of the Bell Company relate to 
the invention of Mr. Bell, as now made use of by the company, is 
there any other patent or application of Mr. Bell other than the two 
2 now in interference which shows any device or invention of 

r. Bell? saat 2 

Ans. There are at least two other patents that I have in mind of 
Mr. Bell’s that relate to speaking telephones that are the y of 
the Bell Company, one of them No. 228,507, June 8, . The 
subject-matter of that patent is not now made use of by the com- 
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Another, No. 220,791, Oct. 21, 1879, is made use of to a limited 


extent. 

Another, No. 213,090, March 11, 1879, which is not used practi- 
cally by the company. 

Another, No. 201,488, March 19, 1878, which is not used practi- 
cally by the company. 


Cross-examination by Gro. W. Drxn, Esq., of counsel for 


Voelker : 


Cross-int. 92. In July, 1879, I suppose that you had gone, to a 
pretty large extent, into the manufacture of telephones, and had 
abundant machinery and skilled workmen in your employ, and at 
that time had acquired a deal of skill in the construction and 
the 41 — of telephones? 

Ans. Nearly all the telephones that the Bell Com ny have in 
use have have been made by contract with Charles Wil iams, Jr., 
Boston. The workmen who make them are consequently in his em- 
ploy. 1 consider that I was well — at that time in all the me- 
chanical and electrical branches of the telephone business. 

— oe. What connection had you with the works of Wil- 

iams? : 
1867 Ans. I have no direct connection with Mr. Williams’ works, 

but my duties as general inspector and engineer of the tele- 
phone company necessitate my spending considerable time at his 
works. I am and have been entirely in the employ of the owners of 
the Bell patents since August or September, 1876. 

Cross- int. 94. Since that time have the telephone instruments been 
made under your direction and inspection or either direction or in- 
spection ? 

Ans. They have been made almost entirely under my direction 
and inspection. I have and have had assistant inspectors whose 
duties are to examine details. 

Cross-int. 95. Have you determined forms, sizes, and arrangements 
of parts in the telephones made under your direction at. Williams’ 
works? 

Ans. I have, to a great extent. 

Cross-int. 96. What other — has to any less extent? 

Ans. Mr. Francis Blake, the inventor of the Blake transmitter, 
and Mr. Emile Berliner, have suggested sizes and forms of details to 
a certain extent, and I have eccepted their suggestions; this applies 
merely to the manufacture of telephones and not to their invention. 

Cross-int. 97. Have you determined materials as well as forms, etc. 

Aus. Almost entirely where there has been any choice of materials. 

Cross-int. 98. In the summer of 1879 had you the skill and ex- 
—- which would enable yuu to manufacture a telephone capa- 

le of use in transmitting and receiving articulate speech if such 
capacity had existed in the invention of that telephone? 

Ans. In the summer of 1879 I had suffigient skill and experience 
— —— any form of speaking telephone as well as any other man I 

now of. 7 

Cross- int. 99. In the experiments related by you in your testi- 
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the Cambridge water works 
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mony in the summer of 1879, with instruments wholly reproduced 
or reproduced in large measure, did you bring to bear your skill 
in the manipulation of such instruments? 

Ans. I do not thing I did. I did not make the instruments at 

all; merely examined them after they were made and used 
1868 them without any special adjustment as they came from the 
workmen’s hand. 

Cross-int. 100. What was the purpose of the lectures and exhibi- 
tions stated by you in answer to Int. 10, covering the time from Jan. 
13, 1877, up to May, 1877? 

Ans. The only purposes that I know that Mr. Bell had in giving 
those lectures and exhibitions were to raise money by admission 
fees and to prove the practicability of the instrument. 

Cross-int. 101. Referring to that part of your answer to Int. 20 re- 
lating to putting telephones on a line for Stone & Downer, do you 
2 upon what terms or conditions telephones were put up on that 

ine 

Ans. They were to be paid for at our regular rates if satisfactory, 
and they were, I think, afterwards paid for. 

Cross-int. 102. Do you know how long after? 

Ans. I think it was several months, but as I have had nothing to 
do with the financial branches of the telephone company’s business 
it will be impossible for me to say without reference to their books. 

Cross-int. 103. Were the telephones on that line changed during 
their use by Stone & Downer? . 

Ans. They were; it was the custom of the company to exchange 
telephones when improvements of any importance were made; that 
custom has continued to the present day. 

Cross-int. 104. Was that change made before Stone & Downer 

id? 
yer on I cannot positively say, but I think not. 

Cross-int. 105. Were the terms of — — by Stone & Dow- 
ner in accordance with the circular of Mr. Gardiner G. Hubbard, set 
out in full in your deposition? 

Ans. I thin = were, substantially. _ 

Cross-int. 106. When were the telephones put on the line between 
the offices of the board of water works at Cambridge? ; 

Ans. In May, 1877, shortly after the publication of the articles in 
the Boston Herald and Boston Advertiser of May 19, 1877, which 

are given in my testimony. : 
1869 Cross-int. 107. Do you know upon what terms or conditions 
these telephones were furnished 

Ans. They were to be paid for, if satisfactory, at our regular rates, 
substantially as stated in the circular already mentioned. 

Cross-int. 108. Do you know who furni this article to the 
Boston Daily Advertiser of May 19, 1877, or the material for it? 

Ans. I do not. 

Cross-int. 109. Were the telephones put up on the line to Prof. 
Holmes’, connecting with Brewster, Bassett & Co.'s bank, put up on 
the same conditions as those just mentioned of Stone & Downer and 
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Ans. No. Under the arrangement we had made or were about 
to make with Mr. Holmes, he was to have the right to place tele- 
hones on the lines connecting his central office with the various 
— throughout the city of Boston; Mr. Holmes was to pay us a 
rental of $10 for each telephone per annum, he collecting a larger 
sum than that from the banks for the use of the telephone and line 
and services rendered in connecting one bank with the other as they 
— desire. The title of Professor is erroneously applied to Mr. 
Holmes. He was the general manager of the Holmes Burglar Alarm 
Telegraph Company, and he was to use the telephones on his line 
wires. 

Cross-int. 110. Was he to pay for those telephones whether they 
were satisfactory or not? 

Ans. He satisfied himself of the practicability of the telephone 
before beginning negotiations with the owners of the Bell patents, 
as the introduction of the telephones on his burglar alarm wires 
necessitated quite an expense for alterations, which expense he met; 
and [ think the first telephones he had he expected to pay for; but, 
had they not been satisfactory, we should certainly not have asked 
for pay any more than from the preceding gentlemen. 

Cross-int. 111. What was the first instance when telephones were 
furnished for commercial use without conditions? | 

Ans. It was our practice during nearly the whole of 1877 to 
allow agents to put out telephones and let their customers try them 
for a few weeks before requiring payment, giving them the right to 

return if unsatisfactory. The chief reason why we did this 
1870 was the great doubt that existed in everybody’s mind, when 

first approached to leave a telephone, as to whether it was 
possible to do such a wonderful thing as to transmit articulate speech 
over a telegraph wire. As this doubt wore off we began to require 
payment as soon as the telephones were put in working condition. 
At the present time we would not require any customer to keep a 
telephone that he was not satisfied with. The first lease that was 
executed and payment made for telephones was, as I have already 
testified, dated June 8, 1877. These instruments were put into use 
about one week previous to that time. 


March 11, 1881. 
THOMAS A. WATSON. 


Subscribed and sworn to before me. 
CHARLES H. SWAN, 
U. S. Commissioner. 


1871 Boston, Aug. 28, 1882. 


Present: James J. Storrow, Esq., of counsel for complainants; L. 
Hill, Esq., of counsel for defendants. 


CHARLES H. SWAN, Examiner. 


Before me. 3 
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Further Examination of Mr. Watson, by J. J. Storrow, Esq., of Counsel 
— 


Int. 112. In the twenty-fourth answer in your first deposition 
here stipulated in from the Dowd case — July 15, 1879, and 
found on p. 205 of complainants’ printed record, instead of de- 
scribing the circuits you used on the fifth of July, 1879, you referred 
for a description of them to a deposition in the Dowd case instead of 
repeating that description at len As that deposition is not here 
in evidence, I wish you would describe the arrangement of those 
circuits and the position of the instruments, referring, if you please, 
for the purpose of refreshing your memory, to the same paper you 
— to in giving that deposition. 

Ans. The transmitter was placed in room 42, Union building, 
State street, Boston, and the receiver in the office of Mr. J. J. 
Storrow, in the same building, a story lower. The two rooms were 
separated by an open court about one hundred ſeet long, aeross 
which the wires run. A metallic circuit was used. There was also 
a second circuit running between the two stations, on which two 
— hand telephones were connected to verify the results ob- 
m the other telephones. : 


(Norse.—Mr. Watson’s sixty-sixth answer, p. 214, adopts, as his 
statement of certain experiments, a passage from another deposition 
in another case; that deposition is not in evidence in this cause, 
but the specific answers so adopted by Mr. Watson are reprinted as 
a part of his sixty-sixth answer.) 


Int. 113. Your eightieth answer —— as a part of it, a portion 
of the contents of a deposition in another case which is not here in 
evidence. For that reason I shall desire to have you give now a 
statement concerning those experiments. To begin with, please 
state, first: What was the general arrangement of the two stations 
and of the circuits on which, on the 2d of June, 1879, at No. 40 
State street, Boston, you tried the instruments Complainants Ex- 
hibits 36 and 37; Exhibits 38 and 39, Baby Membrane Telephones; 
Exhibits 40 and 41, Lovers’ Electric Telephones? 

Ans. The circuits and arrangement of instruments were the same 
as described in my one hundred and fiftieth answer. 

Int. 114. Did you speak into the instruments, or did you listen, 
or did you do both? 

Ans. I did both. 
1872 Int. 115. State whether or not those instruments at that 
trial transmitted articulate speech well enough to be of any 


practical utility. 
Ans. I think they did. I have — testified that if there 
were no better instruments these could and would be used practi- 


cally, in my opinion. 

Int. 116. In your one hundred and fiftieth answer you testified 
that used a second circuit with two ordinary hand telephones to 
verify the results obtained from the other telephones; did you so 
ify the results in the experiments now inquired of? 
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Ans. The results were verified through the hand telephones. 


(Memorandum.—The Mr. Wilson referred to in Mr. Watson’s 
one hundred and eighth answer, p. 222, is a witness who testified 
in the Dowd case, but who has not yet testified in this case, and 
whose deposition has not been stipulated in this case.) 


Int. 117. In —— fifty-first answer, p. 211, and elsewhere, you 
referred to Mr. Edward Wilson; does Mr. Wilson live in this coun- 
now? 
Ans. He does. 
Int. 118. How long since he returned from living abroad ? 
Ans. He returned about three months ago. 


(Nore.—Mr. Edward S. Renwick, referred to in Mr. Watson’s 
fifty-second answer, p. 211, was a witness called by the defendants 
in the Dowd case. He has not been called as a witness in this case, 
nor has his deposition been put in evidence. 

Counsel for defendants states that the stipulation agreeing to ad- 
mit the depositions of Mr. Bell and Mr. Watson taken in other suits 
and legal proceedings to be used as evidence in this case was only 
intended to admit as evidence the statements of the two witnesses, 
Mr. Bell and Mr. Watson, and was not intended to admit as evi- 
dence here the depositions of any other persons that may have been 
referred to by them in the course of their depositions ; and defend- 
ants’ counsel objects to the use of any portion of Mr. Cross’ deposi- 
tion and Dr. Blake’s deposition, refe to in the deposition of Mr. 
Watson taken or stipniated in this case, for the reason that the 
statements of Mr. Cross and Dr. Blake are merely hearsay.*) 


Int. 119. In your answer to Int. 36, p. 208, you referred to Mr. 
Bell’s Centennial instruments, which vou said were made by you 
personally, and drawings of which are found on pp. 232-234 of your 
second deposition, and on pp. 32-34 of complainants’ volume of ex- 
hibits. I wish you would tell me how the membrane diaphragm 
and brass frame carrying it in the magneto-membrane telephones 
there shown, Exhibits 26 and 27, compare with the membrane dia- 
— = brass rings carrying the same in the liquid transmitter, 

ibit 


Ans. They were precisely similar, castings from the same patterns 
being used for both sets of rings. 
1873 Int. 120. If you have any memorandum of articulate speech 
transmitted by you and Mr. Bell with a liquid transmitter in 
March, 1876, will you please read it? 
Ans. I have such memorandum from a note-book I was using 
at that time. It reads as follows: 


“ Marca 10, 1876. 


Mr. Watson, come here; I want you. How do you do? ‘God 
save the Queen,’ and several other articulate sounds. 


— äↄZV— . - — — — —— — 


* The depositions of some of said witnesses were afterwards taken in this cause. 
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Int. 121. When you heard that at the receiver, who was speaking 


into the transmitter ? 
Ans. Mr. Bell. 


Int. 122. Where was the experiment? 
Ans. Between two rooms at Mr. Bell’s 


Place. 


1851 


laboratory, No.5 Exeter 


Int. 123. What liquid, if you remember, was used ? 
Ans. Water, with a little sulphuric acid in it. 


Int. 124. Of what material, if you remember, was the wire which 


was attached to the membrane and dipped into the liquid ? 


Ans. Platinum. 


Crogs-examination by L. HMI. Esq., of counsel for de- 


fendants : 


Cross-int. 125. Please describe all the conditions of the circuits 
and the instruments in the experiments referred to in your last 


answer. 


Ans. The two rooms were situated at each end of an entry about 


twenty-five feet long, with an ordinary annunciator wire con 


the two. In one room an instrument similar to Exhibit 29, Centen- 
nial liquid transmitter, was connected to this wire, and at the other 
end was what is known as a harmonic receiver. The circuit was 
e at the transmitter and 
I listened with my ear pressed to the spring of the harmonic re- 
ceiver. What is known as the electro-poion 
I do not remember exactly how many cells. 


completed by the gas pipe. 


Mr. Bell 


ba 
Mr. Ball 


was used, and 
had twelve or 


fifteen cells in his laboratory, and my impression is that only three 


or four were- used. 


Cross-int. 126. Please describe the instrument known as the har- 
monic receiver which you refer to. 
Ans. It consisted of an L-shaped piece of iron, the legs of which 


were about two inches long, having on one end the coil and core of 


an electro-magnet, and clamped to the other a piece of steel clock- 
spring, which projected over and near to the end of the coil. The 
whole was mounted on a base of black walnut with two binding 
posts, to which the terminals of the coil were connected. 


Cross-int. 127. How did that instrument com 
ments shown at the ends of the circuit in Fig. 


March 7, 1876? 


re with the instru- 
of Bell’s patent of 


Ans. It was precisely similar, with the exception that the figure 


referred to is not mounted 


on a base 


1874 Cross- int. 128. Give the dimensions of the clock-spring used 
on the instrument as accurately as you can. 

Ans. I do not remember the exact dimensions, as Mr. Bell had a 
large number of these receivers with different springs. The clock- 


spring that he used mostly was from three-fourths to one inch in 


width, and about one-fiftieth of an inch in thickness. The length 
j over the core 
more than three or four inches, and certainly must have covered 


I do not remember; it could not have 


Crogs-int. 129. I do not understand how the spring could have * 


athe. 
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over the core three or four inches, when the legs of the 
arm were only two inches in length. Will you please 


noe 
aped 
explain ? 

Ans. The only — thing that would limit the length of the 
spring would be the size of the room that the instrument was con- 
tained in. 

Cross- int. 130. In said Fig. 5 in Bell's patent the spring is repre- 
sented as projecting over the core just far enough to cover it, and as 
corresponding substantially in length to the length of the lower leg 
of the L-shaped arm. Fig. 5, you say, is a correct representation of 
the instrument which you used. What I want to know is, how the 
spring, if the instrument was constructed as shown in said Fig. 5, 
could extend over the core three or four inches. 

Ans. In my answer to cross-int. 127 I should have excepted the 
length of the spring, as I have no recollection of the precise length 
of the spring on the instrument referred to used in the experiment. 
I only know that Mr. Bell had harmonic receivers with springs of 
various lengths, and that one of these was used. 

Cross-int. 131. I noticed that the words which you say were 
transmitted through that apparatus at that time, and recorded by you 
in a memorandum book, were not read by you from a book, ‘but 
from a sheet of paper apparently new; why do you not produce the 
memorandum book itself? 

Ans. I have the memorandum-book at home. Not having been 
at home for several days I did not have it with me to-day for refer- 
ence, so I copied the memorandum from a letter I had written upon 
the subject. I am willing to produce the book to have the note 
verified, but cannot part with it. 


(Defendants’ counsel objects to the evidence as to the words al- 
leged to have been transmitted during that experiment as resting 


merely upon secondary evidence, unless the memorandum-book 
itself is produced.) ; 


Cross-int. 132. How many times and in what cases have you been 
examined as a witness as to the invention of the electric speaking 
telephone by Mr. Bell? 

Ans. Twice. In the suit of Bell Telephone Company v. Dow 
and in Telephone Interferences A—L. 

Cross-int. 133. In either of those depositions did you testify to the 
exact words transmitted in the experiment of March 10, 1876, as 

you have now this morning done? : 
1875 Ans. I have no recollection of so doing. 

Cross-int. 134. In that experiment of ‘March 0, 1876, did 
you make the memorandum in your memorandum-book at the time 
of your experiment? 

Ans. I did; either the same evening or the next morning. 

Cross-int. 135. Did you make memorandum of all the words that 
were spoken into the transmitter or only of such as were heard at 
the receiver? 

Ans. Only such as I heard. 
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Crose-int. 136. I. su pose a good deal was spoken into the trans- 
mitter which you — not hear at the receiver; was there not? 

Ans. I have no positive recollection as to how much I heard or as 
to how much was said; I know, however, that the result of the experi- 
ment created great enthusiasm in my mind. 

Cross-int. 137. How long did the experiment last and what time - 
of day was it made? 

Ans. I have a strong impression that it was made in the latter part 
of the afternoon and that it lasted an hour or two. 

Cross-int. 138. Have you any knowledge or recollection as to how 
far the experiment was successful and as to how much that was said 
into the transmitter was heard at the receiving instrument? 

Ans. I havea positive recollection that the experiment was entirely 
successful; I do not remember what proportion of the words spoken 
at the transmitter were understood at the receiver. 

Cross-int. 139. When you say that the experiment was entirely 
successful you evidently had in your mind some standard or ideal 
of entire success in such an experiment in the then state of the art. 
I want to know what that standard or ideal is. Did you consider it 
an entirely successful experiment because you were enabled to hear 
some words or sentences successfully ? 

Ans. I do not remember that I had any standard or ideal; I con- 
sidered it successful inasmuch as the results were better than any I 
had previously heard. ; 

Cross-int. 140. It is a fact, is it not, that you did not hear at the 
— 2 that was spoken into the transmitter during that experi- 
ment 

Ans. I cannot say that it is a fact. N 

Cross-int. 141. Have you any doubt that such is the fact 

Ans. I consider it highly probable that many words were spoken 
at the transmitter that were not understood at the receiver during 
that experiment. : 

Cross-int. 142. In your answer to Cross-int. 136 you say that the 
result of that experiment created enthusiasm in your mind. 
Why was your mind so tly excited over that? 

Ans. Because the results were so much of an improvement on what 

I had previously heard in the telephonic line. 
1876 Cross-int. 143. Was that the first time that you had heard 
— successfully transmitted over a telephonic line? 

Ans. I had heard the previous summer the sound of Mr. Bell’s 
voice through the telephone, but not nearly so well as on the March 
10, 1876, experiment. 

Cross-int. 144. Prior to March 10, 1876, had you ever heard and 
understood any ae words through a telphone; I mean through 
any electric telephone? 

Ans. I have no recollection of having heard more than the sound 
of -Mr. Bell’s voice prior to that experiment; but I cannot pusitively 
assert that such was the case. 

Cross-int. de In brief, you have no recollection of ever — 
heard a w 2 any electrie telephone prior to Mareh 10, 
1876; is not that the fact? 4 . : 
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Ans. The only recollection of experiments on speaking telephones 
prior to March 10, 1876, that I have is that conveyed in my answers 
to Ints. 13 and 15, p. 203, in this case. 

Cross-int. 146. By referring to said thirteenth and fifteenth an- 
swers I find that they do not definitely answer the question which 
I have just asked. I, therefore, repeat the question, and call for a 
definite answer to it. . 

Ans. I have no recollection of having understood anything that 
was said through the telephone prior to March 10, 1876. 

Cross- int. 147. In the liquid transmitter used March 10, 1876, in 
what sort of a vessel was the dilute sulphuric acid cuntained? De- 
scribe the vessel, the quantity of the liquid, the size of the platinum 
wire and the depth to which it was immersed, and give the strength 
of the dilute sulphuric acid. 

Ans. The liquid was contained, I think, in an ordinary — tum- 
bler; I have no — recollection about the quantity of the liquid; 
I should think that possibly there was from one-quarter to one-half 
a pint. The platinum wire was considerably less than one-eighth 
inch in diameter; how much less I cannot say. The instrument o 
erated best when the platinum just touched the water. Thestren 
of the acid was what Mr. Bell used for his electric-poion batteries, 
which was about one part of sulphuric acid to ten of water. 

Cross-int. 148. Was the top of the tumbler closed or open? 

Ans. It was closed, I think, by a wooden cover, by which the mem- 
brane was supported, and connection was made with the water by a 
rod of metal—platinum, I think—passing through the cover into the 
water near one side of the vessel. 

Cross-int. 149. Can you make a drawing giving a vertical section 
of that apparatus sufficient to enable us to understand the construc- 
tion of it? ; 

Ans. I think J can; I am willing to try. 


(The sketch is put in evidence and marked “Exhibit Watson 
Sketch No. 1,” and is as follows:) 


1877 Exhibit Watson Sketch No.1. C. H. S., Examiner. 
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„the sketch, making use of the reference letters which you have 
marked on it. 
Ans. A is the membrane fastened to the ring D, by which it is 
stretched over the ring E. The membrane carries a piece of cork, 
BB, in which is inserted a piece of platinum, C; the platinum point is 
connected with the binding post H, and another binding post, G, 
runs through the wooden cover or ring E, and dips into the water 


> contained in the glass vessel I. I remember also that there was a 
; plug passing through the cover E and into the water, and 
so that more or less of it could be immersed in the water in order to 


regulate the depth of the platinum needle. P is a shield of wood 
fastened to the inside of the cover E to prevent the dilute sulphuric 
acid from spattering on the membrane. J represents the line on the 4 
top of the water. 1 
Cross-int. 151. Who made this instrument represented in Exhibit 
Watson Sketch No. 1? 
Ans. I did. 
Cross-int. 152. Had you made one like it before you made this ? 
Ans. Never. ! 
Cross-int. 153. Had any one else ever made one like it, to your 
knowledge, before you made this? 
Ans. Not to my knowledge. 
Cross-int. 154. When did you make this instrument? 
f aan 1 think I finished a few days before the experiment of March 
Cross-int. 155. Was it first tested on the tenth day of March, 1876; 4 
that is, was that the first test made with it? : 4 
1878 Ans. My recollection is that the first tests were made three 4 
or four days before March 10, but on that occasion it did not 
work so well, and some alterations were made. 
Cross-int. 156. You didn’t succeed in getting — words through 
it so as to be understood before March 10, did you 
Ans. As I now remember the experiment the instrument talked 
the first time we tried it, but the decomposition of the liquid caused 
it to be spattered against the membrane, rotting and spoiling it very 
uickly. The addition of the shield to oes this splashing was, 
I think, the chief alteration that was made, and the only one that I 
remember. 
Cross-int. 157. In your answers to Cross-int. 143 and Cross-int. 146 
) you testified that you had no recollection of having heard and un- 
derstood a word through an electrict telephone prior to March 10, 
1876; how do you reconcile that with your answer to Cross-int. 155 
and Cross-int. 156? 

Ans. In making the drawing the previous trials of that instru- 
ment were brought to my mind more distincly than when I answered 
the questions referred to. 

Cross-int. 158. Then am I to understand you now that two or 
three days prior to March 10, 1876, you heard and understood 
words transmitted through that same instrument before the shield 
was put on it? 
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Ans. That is my recollection, and that should have been excepted 
in my answer to Cross-int. 143 [and] to Cross-int. 146. 

Cross-int. 159. Inasmuch as the shield took no part in the trans- 
mission of the current, I oar ou heard and understood the 
words just as clearly before the 
you not? 

Ans. No; my recollection is that I heard very much more plainly 
March 10 than on the previous days. 

Cross-int. 160. How do you account for that? 

Ans. Some other alteration must have been made besides the ad- 
dition of the shield, but what that other alteration was I have for- 

tten. 

WR 161. Did you make a memorandum of any words spoken 
— that instrument prior to March 10, 1876; and, if not, why 
not 

Ans. I have found no memorandum and have no recollection of 
making any. If I didn’t make any, it must have been because I 
didn’t think 
previously heard. 

Cross-int. 162. And it is still your recollection that the results of 
March 10 were so striking an improvement that they excited great 
enthusiasm in your mind, is it? 

Ans. That is still my recollection. 

Cross-int. 163. Was Prof. Bell present while you were making that 
instrument or while you were making the alterations in it? 

Ans. The instrument and the alterations were made by Mr. 
1879 Bell's directions, but I do not think he was actually in the 
shop while I made them. 

Cross-int. 164. If I understand your testimony correctly, the in- 
strument was made, completed and tested a few days before March 
10, 1876, with results which were not entirely satisfactory; then the 
shield was added and certain changes were made which you cannot 
now remember in detail, after which the instrument was tested on 
March 10, 1876, with satisfactory results. Is my understanding cor- 
rect, and, if not, wherein is it not? 

Ans. That is my recollection of the matter. 

Cross-int. 165. Prof. Bell’s first patent was dated March 7, 1876; 
did you have the specification of that patent in your hands to guide 
you in making that instrument? 

Ans. I think not. 

Cross-int. 166. Did you get any assistance from that patent in 
making the modifications in that instrument which enabled it to 
produce satisfactory results after its first unsatisfactory trials? 

Ans. I have no recollection whatever of so doing. 

Cross-int. 167. Do you regard the instrument as you had it March 
10, 1876, as capable of successful practical use as a telephonic trans- 
mitter without any further change in it? 

Ans. If there was no other telephone transmitter, that could, in 
my opinion, be used practically. | 
_ Cross-int. 168. Please answer the same question as to the same 


shield was put on as afterwards, did 


the results were much of an improvement on what I had 


1857 pee 
instrument before the shield was applied to it and the changes made 


which you say were made at the time the shield was applied. 


Ans. It would be impossible for me to say, as I do not remember 


the changes that were made other than the addition of the shield. 


Cross-int. 169. When the instrument was first tested, a few days 
prior to March 10, 1876, and found to give unsatisfactory results, 
what did Prof. Bell say about it ? 

Ans. I do not remember. 

Cross-int. 170. He directed you to go to work and make altera- 
tions in it, did he not? 

Ans. He did. 

Cross-int. 171. How many tests did you make with it before you 
made the alterations? 

Ans. I do not remember. 

Cross-int. 172. Did he discuss with you the character of the altera- 
tions he proposed to make and their possible advantage before he 
directed you to apply them? 

Ans. I have no recollection of his so doing. 

Cross-int. 173. Did the changes which were made considerably 


modify the construction of the instrument or not? | 


Ans. My recollection is the changes were slight, and did not 
change the form of the instrument at all. 

Cross-int. 174. Before those changes were tested on March 10, 1876, 

had you or Mr. Bell any knowledge of the striking results 
1880 which they would produce, or was your knowledge of their 
effect gained only from the test on March 10? 

Ans. I hadn’t the slightest knowledge myself what the effect 
would be of the changes, and I don’t think Mr. Bell had. 

Cruss-int. 175. In the state of the art at that time I 2 the 
effect of those changes could not have been known except by actual 
experiment and test, could it? 

Ans. That is 2 — 

Cross-int. 176. Will you please refer to Prof. Bell's first patent, 
dated March 7, 1876, and state whether you find therein any direc- 
tions or description whereby a skilled electrician could have con- 
structed a practically operative liquid transmitter without any ex- 
periment on his own part, but simply by following the directions of 
the patent? 

Ans. If a copy of this patent had been placed in my hands in 
1876, or in the hands of any well-posted maker of electrical instru- 
ments, I think I or he could have madea liquid transmitter without 
any experiment, by reading the whole specification and by special 
reference to the passage beginning “ Undulations are caused in a 
continuous volfaic current,” etc. 

Cross-int. 177. Had you never seen that specification prior to 
March 10, 1876? 

Ans. I do not remember reading the ification till after March 
10, 1876, and am quite sure I didn’t until a month or two later than 

at. 

Croes-int. 178. As early as the fall of 1875 you knew that Prof. 


Bell was preparing his specification, did you not ? 
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Ans. I did. 

Cross-int. 179. And you had been assisting him in his various 
experiments for over a year prior to March 10, 1876, had you not? 

Ans. No. I have no recollection of — og for him be- 
tween July or August, 1875, and just before March, 1876. 

Cross-int. 180. Prior to March, 1876, you and Mr. Bell had very 
fully discussed his theories concerning electric undulations and the 
transmission of sound thereby, had you not? 

Ans. I have no recollection of discussing theories with Mr. Bell 
prior to that time. I understood what he was working for, and 
made his apparatus to the best of my ability, exactly as he directed. 

Cross-int. 181. Do you mean to say that prior to March, 1876, 
you were ignorant of the theories and facts stated in Mr. Bell’s first 
patent in the paragraph 1 with the words Undulations are 
we non and ending with the words “diminishing the power of the 

ttery?” ) 

— No, I don't think I was. I think I understand the theory 
— the telephone pretty well for six or eight months prior to that 

ate. 
Cross-int. 182. How did you come to understand it? Did you 
discover it yourself, or did Mr. Bell communicate it to you? 

Ans. All I knew about it was what Mr. Bell told me. 

Cross-int. 183. You say you understood Mr. Bell’s theories 
1881 and particularly the theories and facts contained in said para- 
raph of his first patent for a long time prior to March, 1876: 
and it 1s certain that Mr. Bell himself must have known them for 
some time, inasmuch as his application for said patent was sworn 
to in January, 1876, and prepared some time before that; in view 
of these facts how do you account for it that the united intelligence 
of Mr. Bell and yourself didn’t succeed in making that liquid trans- 
mitter work satisfactorily until March 10, 1876, and until after you 
had experimented with it, and changed it from the condition in 
which it was first produced and tested by Mr. Bell's directions? 

Ans. My recollection of those changes is so indistinct that I can 
form no theory to account for the fact. 

Cross-int. 184. In this liquid transmitter exhibited in your sketch 
it is necessary to the successful working of it that it should stand on 
a horizontal foundation and be absolutely free from any movement 
or jar, is it not? 

ns. Not at all. The foundation should be nearly enough hori- 
zontal to prevent the liquid from running out of the glass, and I 
know no reason why it should be kept free from slight jar. 

Cross-int. 185. Would not the jarring of the liquid produce inde- 
pendent undulations of the current and interfere with the action of 
the transmitter? . 

Ans. I think strong and constant jarring would. 

Cross-int. 186. I understand you that you found the instrument 
worked best when the point of the = wire just touched the 
liquid. In that case the jarring of the liquid would be liable to 
make and break the current, would it not? 
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— A strong jar probably would; I don't think a slight jar 
would. 


(Adjourned.) 


Aucust 29, 1882. 
(The witness states :) 


I produce the note book referred to in my answer to Int. 158. 
Cross-int. 187. Do you know what has become of that liquid trans- 
mitter that you experimented with on March 10, 1876? 
Ans. No; I have not seen it since the experiment. 
Cross-Ans. 188. What was the next transmitter that Mr. Bell pro- 
duced after the experiment of March 10, 1876? | 
Ans. The next I remember were similar to the transmitters ex- 
hibited at the Centennial. 
Cross-int. 189. A liquid transmitter was. exhibited at the Centen- 
nial, was it not? 
Ans. Yes. : 
Cross-int. 190. Was that liquid transmitter that was exhibited at 
the Centennial constructed exactly like the liquid transmitter that 
was tried March 10, 1876, or were further changes made in it before 
it was exhibited at the Centennial? 
Ans. The construction is different, but the operation is the 

1882 same. ‘ 
Cross-int. 191. That liquid transmitter exhibited at the 
Centennial is illustrated in the cut No. 29, p. 234, of Vol. I, 
complainants’ case, and p. 34 of Vol. II, complainants’ case, is it not? 

Ans. It is. : 

Cross-int. 192. Who made that transmitter? 

Ans. I did. 

Cross-int. 193. The cut printed in complainants’ case does not 
exhibit the internal construction of the machine; will you please 
make a rough sketch showing in section its internal construction ? 

Ans. I have made such a sketch, and I here produce it. 


(The sketch is put in evidence and marked “ Exhibit Watson 
Sketch No. 2.”) 


Cross-int. 194. Was the cup D covered or open at the top? 

Ans. My recollection is that there was a cover, through which the 
platinum played. | 

Cross-int. 195. Did this Centennial liquid transmitter pro- 
1883 duce any better or different results, as compared with that 
which was tested March 10, 1876? 

Ans. I do not remember that it did. 

Cross-int. 196. You were present when Sir William Thomson 
tested the Ball telephone at the Centennial Exhibition, were you 
not? . : 

Ans. No. 

. ee int. 197. What receiver was used at the Centennial Exhi- 
ition 
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Exhibit Watson Sketch No. 2. C. H. S, Examiner. 


A is the membrane tied to the ring E and stretched over the ring 
F. The membrane had attached to its centre a cork, B, carrying a 
piece of 333 wire, C, which dipped into the liquid contained in 
the cup D. The depth of immersion of the platinum wire was regu- 
lated by raising or lowering the cup D by. means of an adjusting 
screw. G was atin mouthpiece, and the platinum point was con- 
nected with one binding post and the cup D to another. 


Ans. I have always heard that the iron box magnet receiver was 
most used, but I don’t know whether the magnetos Nos. 26 and 27 
were used or not. 

Cross-int. 198. Will you make a sectional drawing of the iron box 
magnet receiver Exhibit No. 28, to show the construction of it ? 

Ans. I will, and I here produce it. 


(The sketch is put in evidence and marked “ Exhibit. Watson 
Sketch No. 3.) 


Cross-int. 199. Was that disk of thin iron H fastened to the top 
of the tube in any way, or did it simply rest on the tube, touching 
at all the points around the tube? 

g —— The plate was laid on the top of the tube without fastening, 
think. 

Cross-int. 200. That plate was the receiving diaphragm of the in- 
strument, was it not? 

Ans. Yes. 

Cross-int. 201. In your sketch No. 3 you have represented that 
plate as touching the tube at one side, but not the other; is that by 


design ? 


4 


4 


that I could hear one better than the other 
eo. * * in 7 ox’ nf "a 


1861 


Exhibit Watson Sketch No.3. C. H. &, Examiner. 


1884 A is an iron tube closed at the bottom end by an iron 

late. B is an iron rod or core, which slides through a hole 
in the bottom plate and is surrounded by a coil of insul wire, C. 
The core is adjusted by means of the screw D, and the whole is 
— by —— — E. > 8 —— of the coil are 8 
nected with binding posts F and G. e open or u end o 
the tube was laid 4 Ula of thin iron, H. a exit 


Ans. It is an accident, and I now correct it. 

Cross-int. 202. The instruments represented in Exhibits 26 and 
27 * used both as transmitters and receivers, I suppose, were they 
not 

Ans. Yes. 

Cross- int. 203. As receivers how did their operation compare with 
Exhibit 28; which was the most satisfactory? 

Ans. I think one who was not an expert at listening could have 
heard better with 28 than with 26 or 27, but I do not remember 


* 
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sented in Exhibit 28 compare with that which you used as a re- 
ceiver in your experiment of March 10, 1876, and which was the 
most satisfactory 6 

Ans. The results were about the same, as I remember them. 

Cross-int. 205. You made all of Bell’s Centennial instruments, did 
you not? 

Ans. Yes. 

Cross-int. 206. It is in evidence here that a pair of instruments 
was presented by Mr. Bell to Sir William Thomson, cuts of which 
are shown at top of p. 241, Vol. I, of complainants’ case; did you 
— those instruments which were presented to Sir William Thom- 
son 

Ans. I did not make the iron box receiver there shown, but I 
think I did the other. 

Cross-int. 207. The iron box receiver is represented in the right- 
hand figure on p. 241, is it not? 

Ans. Yes. 
1885 Cross- int. 208. Did you see that iron box receiver after it 
was made, and before Sir William took it away to Europe ? 

Ans. I did. 

Cross-int. 209. Will you make a sketch showing in section the 
construction of the iron box receiver? 

Ans. I will, and here produce it. 


(The sketch is put in evidence and marked “Exhibit Watson 
Sketch No. 4.”) 


Exhibit Watson Sketch No. 4. C. H. &, Examiner. 
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I have lettered the sketch to correspond with sketch No. 3. It 
has in additition a screw, I, by which the diaphragm is secured to 
the iron tube. : 

Cross-int. 210. What was the function of that screw, I, and why 
was it used ? 

Ans. To prevent the diaphragm from falling off and being lost 
when the instrument was not in use. 

Cross-int. 211. In the cut at the top of p. 241, complainants’ case, 
the diaphragm is represented as in contact with the top of the tube 
only at the side where the screw is; how was that? 

Ans. The instrument was not intended to be so. 
1886 Cross-int. 212. Was that instrument intended as a substantial 
reproduction of the iron box receiver, Exhibit 287 

Ans. It was. 

Cross-int. 213. Did you test it yourself to see whether it worked 
as well as the instrument shown in Exhibit 287 

Ans. I tested it, but do not remember whether it was better or 
worse than 28. 

Cross-iut. 214. How do you account for it that the diaphragm in 
the cut is represented as in contact with the tube only at one side, 
when the instrument itself was constructed to have the diaphragm 

_ in contact with the tube all around? 

* : Ans. It must have been bent in transportation or by some acci- 
ent. 

Cross-int. 215. Were these Centennial instruments the first instru- 
ments made by or for Prof. Bell containing a metallic diaghragm ? 
| Ans. There was another instrument with a metallic ae 9 

made just before the Centennial Exhibition ; but, aside from this, 
the Centennial instruments were the first that I know of that had 
| metallic diaphragms. 
Cross-iut. 216. Was that other instrument with a metallic dia- 
phragm which was made just before the Centennial Exhibition a 
transmitter or a receiver? 

Ans. My recollection is that it was used both ways. 

Cross- int. 217. It was then the first transmitter that contained a 
metallic diaphragm, was it not? 
> Ans. The first that I remeniber. 

Cross-int. 218. Is it illustrated in any of the cuts put in in com- 
plainants’ case ? 

Ans. It is referred to in Ints. and Ans. 47 and 48, p. 210, com- 


° plainants’ case, Vol. I., and in Mr. Bell's Ints. and Ans. 167-169, pp. 
169 and 170 of the same volume, and is illustrated in Exhibit 33, 
p. 64 of Vol. II. 


Cross-int. 219. In the cut p. 64, Vol. II, I see nothing more than a 
flat disk supported on three pins; does that represent the entire 
instrument ? : 

Ans. No. | | . 

Cross-int. 220. Please make a sketch representing the entire in- 

— strument in section, sc as to show its construction. 
Ans. I have made a sketch of the instrument as I remember it, 
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1887 (The sketch is put in evidence and marked “ Exhibit Wat- 
son Sketch No. 5.”) 


Exhibit Watson Sketch No. 5. C. H. S, Examiner. 
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A A represent a double-pole electro-magnet; B, a diaphragm of 
thin sheet iron riveted to the brass ring C and mounted on legs D 
D. The terminals of the magnet were connected, I think, to bind- 
ing posts. There was some means of adjustment to regulate the 
distance between the end of the electro-magnet and the diaphragm. 
What that adjustment was I have forgotten. 


Cross-int. 221. Referring to the memorandum-book which you 
have produced here this morning, has that been in your possession 
ever since March 10, 1876? 

Ans. It has. 

Cross-int. 222. The entry in it is made in pencil, is it not; I mean 
the entry of March 10, 1876? 

Ans. It is; almost all the entries in the book are. | 

Cross-int. 223. Have you always retained a distinct recollection 
from that time to this of making that memorandum? 

Ans. It is — — for me to say. I have such a recollection 
now, and probably always would have had if my attention had been 
called to it particularly. . 

Crusss-int. 224. When was the first time that you ever heard and 
understood words transmitted over a telephonic line by means of a 
magneto-transmitter? 

Ans. My recollection now is that I heard and understood words 
from a magneto-transmitter shortly after March 10, 1876. 


*. 
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1888  Cross-int. 225. Is that magneto-transmitter illustrated here 
in any of the cuts in evidence in this case? 

Ans. I do not remember precisely what it was, but it was similar 
to Exhibits 26 or 27. 

Cross-int. 226. To the best of your recollection how long after 
March 10, 1876, was it that you first heard spoken words success- 
fully transmitted over that magneto instrument? 

Ans. To the best of my recollection during March or April, 1876. 

Cross-int. 227. That instrument had a membrane diaphragm, I 
suppose; had it not? 

Ans. I think it had. 

Cross-int. 228. Describe the armature, its size, shape, material, and 
manner of attachment to the diaphragm in that instrument. 

Ans. All that I can remember about it is that it consisted of a 

iece of clock-spring shellacked to the membrane. I do not remem 
ber the dimensions at all. : 

Cross-int. 229. Was that the first magneto instrument which had 
a metal armature attached to and supported only by the diaphragm? 

Ans. It was the first I remember. 

Cross-int. 230. Who made that instrument and when? 

Ans. I think I did, just before it was tested. 

Cross-int. 231. It was made after March 10, 1876, was it not? 

Ans. According to my recollection. 

Cross-int. 232. Did you ever see the instruments which Mr. Bell 
made or had made in 1875, which are represented in Fig. 7 of his 
first patent? 

Ans. I consider Fig. 7 a diagram of the instruments I made for 
him in June and July, 1875. 


(Defendants’ counsel puts in evidence in this case the extracts 
from Prof. Bell’s London lecture of Oct. 31, 1877, before the Societ 
of Telegraphic Engineers, printed on pp. 692, 693. and 694 of Vol. IT 
of the Dowd case, the same to be marked in this case as “ Exhibit 
Extracts from Bell’s London Lecture;” and it is admitted by com- 
plainants’ counsel that said extracts are correct copies from Prof. 
Alexander. Graham Bell’s said lecture.) 


Cross-int. 233. In that part of Prof. Bell's London lecture which I 
have just put in evidence he refers to an apparatus which he tried, 
and which he illustrates by Figs. 22 and 23, and concerning which 
he then proceeds to make the following statement, to wit: 


“The results, however, were unsatifactory and discouraging. M 
friend, Mr. Thomas A. Watson, who assisted me, in his first experi- 
ment declared that he heard a faint sound — from. the tele- 
phone at his end of the circuit, but I was unable to verify his asser- 

tion. After many experiments, attended by the same only par- 
1889 tially successful results, I determined to reduce the size and 
weight of the spring as much as possible. For this — — 1 
glued a piece of clock - spring, about the size and shape of my thumb 
nail, firmly to the centre of the diaphragm, and had a similar in- 
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strument at the other end; we were then enabled to obtain distinctly 
audible effects.” 

I suppose that the instrument here referred to by Mr. Bell, after he 
had glued the piece of clock-spring about the size and shape of his 
thumb nail firmly to the centre of the diaphragm, and with which 
he was then able to obtain distinctly audible effects, was the same 
instrument towhich you referred this morning as having been made 
in March or April, 1876, and after March 10, and through which 


you, for the first time, heard and understood words transmitted 


through a magneto-transmitter, was it not? 

Ans. I don’t exactly know, but am inclined to think so. 

Cross-int. 234. In the experiments connected with Mr. Bell’s in- 
vention when and in what machine was provision first made for 
adjusting the distance between the pole of the electro-magnet and 
the surface of the armature which was to vibrate in front of the pole 
of the electro-magnet ? 

Ans. In the first machine I made for him in June, 1875. 

Cross-int. 235. The machines which you made for him in June, 
1875, are represented at Figs. 19 and 22, pp. 3 and 4 of Vol. II of 
complainants’ case, are they not? 

Ans. Yes; with the exception noted in my answer to Int. 20, p. 
205, Vol. I, of complainants’ case. 

Cross-int. 236. Which of those two machines was first made? I 
mean the originals. 

Ans. That represented by Exhibit 19. 8 

Cross-int. 237. Both of the original machines, duplicates of which 
are shown in Exhibits 19 and 22, had the same adjustment, had 
they not? 

Ans. That is my recollection; in both the originals the adjust- 
ment was made by sliding the cross-bar that supported the magnet 
up and down in the slots in the sides, as in Exhibit 19, and binding 
it in place, when it is properly adjusted, by the screws and clamps. 

Cross-int. 238. In these Exhibits 19 and 22 the armatures are com- 
posed of pieces of very thin metal; was that so in the instruments 
constructed in the summer of 1875 or were the armatures thicker 
and heavier in those instruments? 

Ans. I do not now remember. I think they were thicker. 

Cross-int. 239. The apparatus represented in Fig. 7 of Bell’s first 
patent was not made till some time after the original instruments of 
which Exhibits 19 and 22 purport to be duplicates, was it? 


Ans. Fig 7 I consider merely as a diagram of the original instru- . 


ments made in June and July, 1875. 
1890 Cross- int. 240. Do you mean that prior to March 7, 1876, 
there was no apparatus made of which Fig. 7 would be an 
exact representation? , 

Ans. I know of none. 

Cross-int. 241. If such an apparatus was made then I suppose you 
do not know why all means of adjusting the armatures relatively to 
the poles of the magnet were omitted from it, do you ? 

Ans. I know of no reason why it should have been. 
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Cross-int. 242. Do you know whether the original instruments, 
made in June, 1875, are now in existence? 

* I Parts of them are, as stated in my answer to Int. 18, p. 204, 
ol. I. 
— 243. When were the duplicates Exhibits 19 and 22 

made 
Ans. In the summer of 1879, I think. 
Cross-int. 244. Are any of the original instruments, represented 

in the cuts on pp. 232-234, complainants’ case, Vol. I, still in existence; . 

if so, which ones? : 
Ans. I believe they all are. 


: (Defendants’ counsel requests complainants’ counsel to put in evi- 
dence all the existing instruments and parts of instru nents made 

by and for Mr. Bell prior to the close of the Centennial Exhibition 
in November, 1876.) 


Cross-int. 245. From your exverience as a manufacturer of speak- 
ing telephones, state whether or not a very delicate adjustment of 
the distance between the armature and the pole of the electro-mag- 
net is required for the effective transmission of speech. . 

Ans. What I understand as a delicate adjustment is not required. 

Cross-int. 246. What do you understand as a delicate adjustment ? 

Ans. It depends entirely upon the nature of the instrument. I 
should consider that a telephone requiring an adjustment as close 
as one or two one-hundredths of an inch would be one that required 
a delicate adjustment. 

Cross-int. 247. Did Mr. Bell get his harmonic telegraph to work 
satisfactorily ? 

Ans. I do not know. I think not. 

Cross-int. 248. In your experiments relating to harmonic teleg- 
raphy in 1875 did you succeed in getting the different pitch of tones 
clearly indicated through Mr. Bell’s instruments ? 

Ans. It is my recollection that I did. 
Cross-int. 249. It is your recollection that you got the pitch of . 
vocal tones clearly indicated or only the pitch of instrumental tones? 

Ans. My recollection is that I heard the pitch of Mr. Bell’s voice 
in the June 2, 1875, experiment. 

Cross-int. 250. In testing those instruments, made in the summer 

of 1875, and experimenting with them in that year, I mean 
1891 the original instruments, of which Exhibits 19 and 22 pur- 

port to be duplicates, did you make pretty frequent use of 
the adjusting devices for adjusting the armature to the poles? 

Ans. I do not remember how frequently they had to be justed. 

Cross-int. 251. In your thirty-fifth answer, p. 208, complainants’ 
evidence, Vol. I, you state that the fling of the application for an 
American patent by Mr. Bell wasdelayed during the fall and winter 
of 1875, in order that he might apply for a patent in England be- 
fore he did in the United States; do you know when Mr. Bell did 
apply for his English — if so, when was it? 

Ans. I knew, but I have now forgotten. 
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(Defendants’ counsel calls attention to the fact that 1 eres | 
have put in evidence and printed in Vol. II, pp. 46-63, the provi- 
sional specification of Mr. Bell’s English patent, dated Dec. 9, 1876. 
Defendants’ counsel objects to the introduction of the provisional 
specification without the rest of the English patent, on the ground 

at it is partial and incomplete, and requests that the entire patent 
be put in evidence.) 


Cross-int. 252. In the instruments represented by Exhibits Nos. 
19 and 22, the cuts on pp. 3 and 4, complainants’ evidence, Vol. II. 
-are intended to show the actual position of the instruments when in 
use, are they not? 

Ans. No. 

Cross-int. 253. Will you please explain then the actual position 
of the instruments when in use, and how they were used in your 
experiments? 

Ans. No particular position is necessary. My recollection is that 
they were held in the hand when first used in the most convenient 
position for directing the voice against the membrane on the side 
opposite to the magnet. 

int. 254. The mouth orifice then extends through the base- 
N — instrument as represented in those two cuts? 
ns. Yes. 


Cross-int. 255. And in testing the instruments ‘in your experi- 
ments, you spoke or made noises through the orifice in the base- 


board, did you not? 

Ans. Yes. 

Cross-int. 256. Did you preserve any actual measurements of an 
of the instruments made prior to the close of the Centennial Exhi- 
bition, or actual measurements of any of the parts of said instru- 
ments, or the relative positions of the different parts? If so, desig- 
nate all the instruments of which measurements were preserved, 
and state what measurements were preserved. 

Ans. J have preserved no measurements, but the originals of Ex- 
hibits 26, 27, 28, and 29, on pp. 232-234, and the parts noted in my 

eighteenth answer have been preserved. : 
1892 Cross-int. 257. Were any such measurements made and 
preserved by anybody to your knowledge? 

Ans. I do not now remember that there were, understanding the 
question to refer to written measurements, and not to instruments 
and parts of instruments that were preserved. 

Cross-int. 258. Then, of all the instruments that were made prior 
to the Centennial instruments, there now are extant only the parts 
specified in your eighteenth answer, and, so far as you know, there 
are not extant any records of measurements of such parts as have 
disappeared, nor of the relative arrangement of the parts with rela- 
— each other and their distances from each other; is that a 
act 

Ans. The only parts I know of still extant are the parts men- 
tioned in my eighteenth answer, and the tripod and diaphragm 
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shown as Exhibit 33, p. 64, complainants’ evidence, Vol. II. I do 
not now know of any records of such mesurements. 

Cross-int. 259. Then in getting up the reproduced instruments, 
which were tested in 1879 and 242 Se and which instruments 
and tests have been put in evidence here, you had to supply the 
missing simply from memory and judgment, had you not? 

Ans. I believe so. 

Cross-int. 260. You cannot swear then that the reproduced instru- 
ments referred to were, in fact, exact copies of the originals in all 
respects, but only that they were the best that you could do from 
memory, aided by the presence of the few parts which remained 
extant; is that the fact? 

Ans. That is the fact. 

Cross-int. 261. Were the reproduced instruments which are here 
in evidence made under your direction and in your presence? 

Ans. They were made under my general directions, but not in my 
presence. 

Cross-int. 262. In the summer of 1879, when these reproduced 
instruments were made under your direction, you had already had 
a great deal of experience in the manufacture and operation of 
electric speaking telephones, had you not? 

Ans. Yes. 


(Adjourned.) 


(The witness states :) 


Since I answered Cross-int. 261 I have found that I had already 
testified on this point. When I made the answer I was under that 
impression, and so stated in conversation, but was unable to find it. 
I had already testified in my sixty-fourth answer, 1 213, Vol. I; as 
I then testified within a few weeks of the making of the instruments, 
the answer is undoubtedly correct. 


Avaust 30. 


(Defendants’ counsel now ascertains from complainants’ counsel 
that the several articles referred to in the extract from Prof. 

1893 Cross’ deposition in the Dowd suit, which has been put into 
this case and printed on pp. 223-228, have not been offered 

in evidence and are not here present. Said articles are referred to 
in said extract as Exhibits Nos. 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 
46, and 47. The witness, Mr. Watson, in adopting as his own 
answers the third, fourth, fifth, sixth, seventh, eight, ninth, and tenth 
answers of Prof. Cross, above referred to, has testified concerning all 
those exhibits from No. 36 to No. 47, inclusive; and as the exhibits 
are not in evidence, and not here present, it is impossible for defend- 
ants’ counsel to cross-examine with reference to them and the ex- 
periments and tests alleged to have been made with them. Defend- 
ants’ counsel. therefore objects to the ing of the extracts from 
Prof. Cross’ deposition, and objects to all testimony of Mr. Watson 
relating to said exhibits Nos. 36 to 47, or any of them, by reason of 
the facts here stated, and because defendants’ counsel has never had 
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any opportunity to see any of said exhibits, and cannot, in their ab- 
sence, properly conduct a cross-examination with reference to them. 

Complainants’ counsel states that the instruments referred to 
are on file and in tbe custody of another tribunal, and that he hopes 
to be able to procure them for exhibition and use in this case. 

Defendants’ counsel states that that will not obviate the objection 
just made by defendants’ counsel to the testimony of Mr. Watson and 
the reading of said extract, unless defendants’ counsel shall have an 
opportunity after the said instruments or articles are put in evidence 
to cross-examine the witness upon them. 

Complainants’ counsel says that he does not with defend- 
ante’ counsel in this respect, but the court will judge of the weight 
of the objection.) 


Direct examination resumed : 


Int. 263. In your first answer, given July 14, 1879, vou stated that 
you were then general inspector of the National Bell Telephone 
Company ; how long did you continue thereafter to hold that posi- 
tion or any similar one for that company or its successors? 

Ans. Until the spring of 1881. 

Int. 264. Where did you go then? 

Ans. To Europe. 

Int. 265. How long did you stay abroad ? 

Ans. One year. 

Int. 266. Are you about to leave this part of the country now ; 
and, if so, how soon and for how long? . 

Ans. I am; the last of this week; for probably a year. 

Int. 267. I call your attention to the ordinary rubber hand tele- 

phone of the — butter-stamp form, referred to in your depo- 

sition, p. 290, Vol. 1. I understand from your deposition 

1894 that that form, first with wooden and afterwards with hard- 

rubber handles, was introduced into commercial use in 1877, 

and is the form of magneto-telephone in ordinary use in this country ; 
is that the fact ? . a 

Ans. It is. 

Int. 268. While you superintended or inspected the construction 
of those instruments, what was the rule and pructice with regard to 
the distance between the core and diaphragm ? | 

Ans. To make it rather less than one thirty-second of an iuch. 

Int. 269. Was that distance fixed in the original construction of 
such instrument at the shop, or were the instruments provided with 
an adjusting screw by which the operator could vary it ? 

Ans. It was fixed in the shop, and could be varied only by taking 
the instrument entirely to pieces. No adjusting screw whatever was 
or has been — — 

Int. 270. In the first form of the hand telephone with the wooden 
handle, shown at the top of N 289 of your deposition, I observe that 
the diaphragm is held in a definite position in the wooden handle 
by being placed on the end of the body of the handle, and the eap 
piece is screwed down onto it, so that the distance between the dia- 
phragin and the core is ¢ 


termined by the position of themagnetin 
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the handle; please state how in that particular instrument the core 
and magnet were held in position in the handle. 

Ans. The hole was made rather smaller than the diameter of the 
magnet, and the magnet driven tightly into it. 

Int. 271. If you found any practical difficulty in the use of that 
form of instrument with reference to the maintenance of the proper 
distance between the core and a please state what it was. 

Ans. I found such difficulty. The magnet would often become 
loose in the-handle, and the slight jars to which it was subjected in 
—— use caused the end of the core to come in contact with the 

iaphragm. - 

Int 272. What steps did you take, or what change in construction 
did you adopt, if any, to remedy that difficulty ? 

Ans. I made the hole in the handle exactly the right depth, 3 
a hole in the end of the magnet farthest from the dia „ and 
fastened it by putting a screw through the bottom of the handle 
into it. 

Int. 273. In the rubber hand telephones of the butter-stamp form 
in ordinary use, how is the magnet and core attached to the handle? 

Ans. In the same manner as in the previous answer. 

Int. 274. Will you point out that screw in a hand telephone, and 
state whether it is shown in the drawing of p. 290? 

Ans. It is shown in the drawing, and it is the screw between the 
two binding posts, with a washer under its head. 

Int. 275. In placing the magnet in position in each instrument as 

manufactured, is its position determined in each instrument 
1895 by experiment, or is its position determined by measuring or 
gauging, or how? 

Ans. Its position is the same in every telephone and is determined 
by a gauge, consisting of a piece of steel filed to rest on the top of the 
body of the handle, against which the diaph rests, and to pro- 
ject inside the handle the proper distance, which I have stated to be 
rather less than one thirty-second of an inch ; the pole is then 
up against it and the magnet is fastened in that position; the 
gauge is removed and the diaphragm inserted. | 

Int. 276. Your object being to so fasten the magnet that the end 
of the core should come to a definite position with reference to the 
front or flaring end of the handle, how do you make up for acci- 
dental variations in the length of the magnet iteelf or in the bore of 
the handle? 

Ans. By inserting thin metal or paper washers between the end 
of the magnet and the bottom of the bore of the handle. 

Int. 277. Has it been the practice, at any time in manufacturing 
these articles for commercial use, after the magnet was placed in po- 
sition in the handle, to fill up the interstices between the magnet 
and the handle with wax or paraffine poured in, melted, and allowed 
to harden? 

Ans. Such was the practice up to about a year ago, and I think is 
still, unless some other substance is used. 
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Cross-examination resumed: 


Cross-int. 278. Are you now engaged in any business; if so, what? 

Ans. I am in no business just now. 

Cross-int. 279. Was your recent visit to Europe on telephone bus- 
iness? 

Ans. It was partly for pleasure and rest and partly to sell my foreign 

tents. 
— 280. Were your foreign patents for telephones? 

Ans. No. 

Cross-int. 281. What were they for? 

Ans. For switch-boards and call-bells for telephone systems. 

Cross-int. 282. Have you American patents on those inventions? 

Ans. On some of them. 

Cross-int. 283. Have you any American patents on telephones? 

Ans. Yes. ; 

Cross-int. 284. How — American patents have you taken out 
or applied for, including all subjects of invention? 

Ans. I haven't exactly in mind; I think rather more than sixty. 

Cross-int. 285. Do the complainants own any of those inventions 

on which you have taken — or applied for patents? 
1896 Ans. They own all of them. ; 
Cross-int. 286. Do you get any royalty or other emolument 

for the use of your inventions by the complainants? 

Ans. No. 

Cross-int. 287. Are you a stockholder in the complainant corpora- 
tions or either of them? 

Ans. I am a stockholder in the American Bell Telephone Com- 


ny. 
P" Crose-int. 288. You have stated that in the hand telephones the 
distance between the diaphragm and the pole of the electro-magnet 
is fixed and not adjustable, and is set at something less than one 
thirty-second of an inch; why is it set at that distance? 

Ans. That distance was determined somewhat arbitrarily by my- 
self, that being the distance which, in my judgment, would be sufih- 
cient to allow for the variations consequent on the accidents attending 
its ordinary use and the different degrees of expansion and contrac- 
tion in the rubber handle and steel magnet. 

Cross-int. 289. Could the diaph and the pole of the electro- 
magnet be placed any nearer together in practice without the dia- 
phragm being liable to touch the pole when vibrating in the ordi- 
nary use of the instrument? 

Ans. The fact that there has been little or no trouble arising from 
the contact of the core and diaphragm in the many thousands of 
instruments made under my charge leads me to suppose that the 
distance could be less than it is now, but I should not recommend 
that it be done. 

Cross-int. 290. When did you determine upon that distance? 

Ans. When the manufacture of 18 for practical business 
use was first begun; in the spring of 1877. 

Cross-int. 291. I suppose you made some experiments to assiat you 
in determining upon what was the best distance, did you not? 


TS ——— —— om 


1873 


Ans. I have no recollection of making such experiments. 
Cross-int. 292. The complainants have made and sold no telephones 
having a membrane diaphragm, have they? 

Ans. None that I know of. 3 

Cross-int. 293. If they used a membrane diaph in a hand tele- 

hone instead of a metal diaphragm in machines which they put out 

r the public to use would it be necessary to have some means pro- 
vided for adjusting the distance between the armature and the poles 
of the electro- et? 

Ans. I do not think it would be entirely necessary; still it might be 
better to do so. 

Cross-int. 294. Do you think the instruments would be successful 
and satisfactory to the public without some means of adjustment in 
such case? 

Ans. If there were no better telephones I think they would. 

1897 Cross-int. 295. In your answer to Int. 35, p 208, xo say 

that in the fall of 1875, or that winter, you knew that Mr 

Bell was making arrangements with some one to take out the Eng- 

lish patent for him. What kind of an arrangement do you refer 

to; arrangements with an attorney to do the work or arrangements 
with capitalists to furnish the means? 

Ans. The latter. 

Cross-int. 296. You have stated that you have taken out or applied 
for some sixty American patents. What proportion of that number 
of your inventions related to telephones ? 

ns. They all do; either to yan — or to auxiliary telephonic 
apparatus. About ten of them relate to telephones. 


| THOMAS A. WATSON. 
Attest: CHAS. H. SWAN, 
Examiner 


1898 : Boerox, Nov. 13, 1882. 


Present: James J. Storrow, Esq., of counsel for complainants; L. 
Hill, Eeq., of counsel for defendants. 


Deposition of Clarence J. Blake. 


Direct examination by J. J. Sronnow, Esq., of counsel for 
complainants: 


Int. 1. Please state your name, age, residence, and occupation. 

Ans. Clarence John Blake; thirty-nine years; Boston; physician. 

Int. 2. Did you give a deposition in 1879 in the case of the Ameri- 
can Bell Telephone Company v. Peter A. Dowd? 

Ans. I did. 

Int. 3. Will you look at that deposition, of which I show you a 
printed Copy: and state whether the facts there stated are correctly 
stated; and, if so, read it to the magistrate, that he may take it down 
as a part of your answer? 

Ans. They are correctly stated. It is as follows: 


— 
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Deposition of C. J. Blake. 
Boston, July 25, 1879. 


Direct examination by J. J. Srorrow, Esq., of counsel for 
complainants: 


Int. 1. Please state your name, age, residence, and occupation. 

Ans. Clarence J. Blake; age, thirty-six; Boston, Mass.; physician ; 
lecturer on otology in Harvard University, aural surgeon in Massa- 
chusetts Eye and Bar Infirmary. 

Int. 2. Please look at the drawing Exhibit 30* [Exhibit No. 18 in 
People’s Telephone Co. case , Dr. C. J. Blake drawings. State when, 


- where,and by whom they were made, and in whose custody they 


remained aftey they were made. | 

Ans. October, 1874; at my office, in Hotel Berkeley, Boston; by 
Alexander Graham Bell, and remained in my possession. a 

Int. 3. Did Mr. Bell, at that time, describe to you any apparatus 
for the transmission of sound by electricity? it so, please repeat 
the description he gave you of the apparatus and the mode in which 
it was to operate, and the character of the sounds which he intended 
to transmit by it. 


(Here follows diagram marked p. 1899.) 


1900 Ans. He did describe an apparatus consisting of a metal 
reed set in vibration in front of a magnet as part of an organ 
pipe; also an apparatus consisting of a metal reed set in vibration 
in front of a magnet and coil, and also an apparatus consisting of a 
metal reed set in vibration between two magnets and coils, and also 
an apparatus consisting of a series of metal reeds which might be 
set in vibration in response to a musical instrument or the human 
voice. The idea of this latter apparatus was that the metal reeds of . 
different lengths would — to the different tones of a musical 
instrument or of the human voice. 
Int. 4. Did he describe to you any electrical apparatus in which 
a membrane was to be used? If so, please tell me what that appa- 
ratus was. f 
Ans. Les; an apparutus in which one metal reed was substituted 
for the several metal reeds of the harp last mentioned, this one reed 
being actuated by a membrane to which it was to be attached, which 
membrane was to be set in vibration by the tone of the musical in- 


strument or by the human voice. 


Int. 5. Did you have any discussion with him as to the character 
of the membrane or mode of arrangement of the membrane and 
armature? And, if so, state what was said on that subject at that 
interview by both of you? 

Ans. Yes, the idea of Prof. Bell, as communicated to me, was this, 


* Jeep eee — Jfac-simile of this exhibit is on p. 386, infra. 

t In the deposition here incorporated into Dr. Blake’s answer to Int. 8. the exhibits 
are num as in the Dowd case. The numbers in brackets are the numbers ied 
in the — suit of the American Bell Telephone Company v. The People’s 
phone Company. 
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that if the simple pendulous vibration of a metal reed could be com- 
municated to a second reed electrically connected with the first, more 
. complicated vibrations communicated to the metal reed from a 
Musical instrument or the human voice, through the medium of the 
air, could also be electrically transmitted. To accomplish this pur- 
pose, it was, according to his idea, advisable to attach the metal reed 
to a membrane, which would reproduce the aerial vibrations pro- 
duced by a musical instrument or the human voice, substituting a 
metal reed, in fact, for the stylus of the improved Morey phonauto- 
graph and of the membrana fympans phonautograph with which he 
been experimenting. I then suggested as an experiment, since 

his — object was the electrical transmission of articulate 
speech, that the metal reed should be brought in contact with the 
human membrana tympani, suitably prepared and mounted for the 


purpose. . 

Int. 6. What did you conceive to be the advantage of using a 
membrane consisting of the human membrana }, instead of 
parchment or sheepskin or other kind of membrane, in such an 
— as he described for the electrical transmission of articulate 

8 
ä "ioe The fact that the human membrana i responds to a 
wider range of musical tones than any artificially prepared mem- 
brane, and that it has been specially adapted by nature to respond 

in vibration to the human voice. 
7901 Int. 7. Did you make a transmitting and receiving instru- 
ment of a speaking telephone, using the membrane of a 
human ear? 

Ans. At that time the experiment was not tried. We were un- 
willing to dismount the membrana tympani, which we were then 
using as a phonautograph; but I have since constructed a human 
—— tympani telephone with which articulate speech was elec- 
trically communicated in March, 1878. 

Int. 8. Please look at the instruments now shown you, marked 
“Complainants’ Exbibits 15 and 16, Membrane Telephone No. 2” 
tayo its Nos. 36 and 37 in People’s Telephone Co. case}, “ Exhibits 
17 and 18, Baby Membrane Telephones [ Exhibits Nos. 38 and 39 in 
— Telephone Co. case ],“ 19 and 20, Lovers’ Electric Telephones” 
[Exhibits Nos. 40 and 41 in People’s Telephone Co. case]. State 
whether you have witnessed the transmission of articulate speech 
by — or any of them; if so, state when and where and with what 
results. b 

Ans. Yes; afternoon of June 2, 1879; office of Mr. Storrow, 40 
State street, Boston. I heard distinctly a sentence spoken by Mr. 
Watson, using Exhibit 15 [Exhibit 36 in People’s Telephone Co. 
case], with Exhibit 16 [Exhibit 37 in People’s Telephone Co. case] as 
a receiver; also Exhibit 17 [Exhibit 38 in People’s Telephone Co. 
case], using Exhibit 18 [Exhibit 39 in People’s Telephone Co. case] 
as a receiver; also Exhibit 19 [Exhibit 40 in * — Telephone Co. 
case}, using Exhibit 20 [Exhibit 41 in People’s Telephone Co. case] 
as a receiver. : 
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Int. 9. To save time I will ask you whether the general arrange- . * <i 5 


105 


1876 


ment of the two stations and the circuit was the same as that 
described in Prof. Cross’ third answer, p. 383 (p. 223, supra)? 

Ans. It was. 

Int. 10. Did you use any of these instruments to transmit from 
the station where you were to the other station; if so, which? 

Ans. Yes. Exhibits 19 and 20 [Exhibits 40 and 41 in People’s 
Telephone Co. case] transmitted both ways. . 

— 11. Why did you not attempt to transmit both ways by the 
others? f 

Ans. Because the cone of the receiving instrument was not 
adapted to transmission. | 

Int. 12. State whether or not the instruments at that trial trans- 
mitted articulate speech well enough to be of any practical. utility. 

Ans. They did. 

Int. 13. State whether or not at that trial you found that the 
instruments were affected by continuous use for any length of time; 
and, if so, whether they were affected favorably or unfavorably, and 
— change took place in them in consequence of con- 
tinued use of the transmitter. 

Ans. They were unfavorably affected in consequence of the relax- 
ation of the membrane, due to the absorption of moisture from the 

breath in speaking into the instrument. : 
1902 Int. 14. Please look at the Complainant’s Exhibits 31 and 

34, Bell Telephone of 1875 [Exhibits Nos. 19 and 22 in Peo- 
ple’s Telephone Co. case], and state whether you took part in a trial 
of them on the 7th of July, 1879, when they were mounted with the 
sheepskin membranes, Exhibits 32 and 35 [Exhibits Nos. 20 and 23 
in People’s Telephone Co. case], and the heavy armatures, 33 and 47 
[Exhibits Nos. 21 and 35 in People’s Telephone Co. case]; if so, de- 
scribe those trials, and state where they took place. 

Ans. I did. First in the workshop of Charles Williams, Jr., at 
109 Court street, Boston, the receiving instrument being in the work- 
shop and the experiments being conducted while the usual work of 
the shop was going on. I am not certain of having heard any sound 
through the instrument. Second. With the same instruments, im- 
mediately after the first trial, the experiment was repeated in the 
office of Mr. Storrow, and articulate speech was distinctly heard with 
the receiving instrument. 


(Cross-examination waived.) 


CLARENCE J. BLAKE. 
Attest: W. P. PREBLE, In., 
Examiner. 


(The exhibits therein referred to are produced. 

The drawing marked “ Dr. C. J. Blake Drawing,” not being on 
file in any case, will be — at the hearing if required, and a 
photo-lithograph made from a tracing of the drawing is produced; 
the drawing, being in pencil, cannot be photo-lithographed.) 
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Cross-examination by L. HILL, Esq., of counsel for defend- 
ants: 


Cross-int. 4. Were the three figures that are shown on the draw- 
ing all made at the same time and during the same interview ? 

Ans. Yes. . 

Cross-int. 5. Is this the original paper on which they were made; 
and are these the original sketches ? ‘ 

Ans. It is; they are. 

Cross-int. 6. How happened this paper to be preserved? 

Ans. I preserved it as a matter of purely personal interest. 

Cross-int. 7. Of what personal interest was it to you? 

* * A matter of scientific interest in the investigation of Mr. 
Cross- int. 8. Were any other sketches made at the same time? 
Ans. There were. | 
Cross-int. 9. Where are they? 

Ans. I do not know. 

Oross-int. 10. Were they preserved; and, if not, why not? 

Ans. As I remember, there were several sketches made by Mr. 
Bell in pencil and one made by myself in ink on prescription 

blanks, which I fastened together afterwards with a metal 

1903 clamp and left in a drawer in my office desk, where I found 

them subsequently, and gave them to Mr. Bell, as I remem- 
ber, at his request. 

Cross-int. 11. When did you give them to Mr. Bell, and where? 

Ans. At some time prior to July 25, 1879, at the Massachusetts 
General Hospital. 

Cross-int. 12. Do you remember how many sheets of 29 — 
paper there were at that time containing sketches which you gave 
to Mr. Bell? 

Ans. I do not. 

Cross-int. 13. Give the best of your recollection about it. 

Ans. Three or four. 0 

Cross-int. 14. These sketches here, Exhibit 30, Dr. C. J. Blake 
Drawing, all are on one sheet, are they not? 

Ans. Yes. 7 

Cross-int. 15. Have you any recollection what the sketches were 
on the other sheets? 

Ans. I have not, except of my own only. 

Cross-int. 16. If I understand you correctly, there were one or two 
sheets containing sketches made at that interview by Mr. Bell in 
addition to thes here produced, and in addition to the sheet 
upon which you sketched. | 

Ans. Yes. | 

Cross-int. 17. Did all those sketches upon all those sheets relate to 
the subject of transmitting sound by icity? 

Ans. No; my own drawing was made to illustrate the structure of 
the organ of Corti in the human ear with a view to explaining the 
manner in which its different parts vibrate sympathetically in re- 

sponse to different musical tones. 
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Cross-int. 18. Referring to this sketch which is here in evidence, 
which was marked “No. 30” in the Dowd case, and is now marked 
“Exhibit 18” in this case, please describe what the lines in Fig. 1 
represent, as explained by Mr. Bell to you at the time. 

Ans. I shall have to answer to the best of my recollection that 
Fig. 1 represents a horseshoe magnet with a frame-wurk carrying a 
metal reed at the end of the poles. 

Cross-int. 19, You mean a frame-work at the end of each pole? 

Ans. I do. . a 

Cross-int. 20. What does Fig. 2 of the same drawing represent? 

Ans. Two horseshoe magnets placed opposite to each other in cir- 
cuit, and having metal reeds between the poles. 

Cross-int. 21. The little black lines between the poles represent the 
reeds in cross-section, I suppose, do they? 

Ans. Yes. 7 

Cross-int. 22. The reeds such as were referred to there were the 
ordinary metallic reeds of a musical instrument, such as an accordion, 
were they not? 

Ans. < ; or, as I understood Mr. Bell, simple strips of 

metal. 
1904 Cross-int. 23. What does Fig. 3 of that sheet represent? 
Ans. A series of metal reeds vibrating in response to the 
tone of a tuning-fork. which, in vibration, acts as a metal reed. 

— 24. I see in Fig 3 only one metal reed; where is the 
series 

Ans. Excuse my mistake; I confounded Fig. 3 and Fig. 4. 

Cross-int. 25. Your answer, then, would be correct if I had asked 
the same question as to Fig. 4, would it? 


Ans. Not precisely; Fig. 3 represents a tuning-fork vibrating op- 
hs 4 


posite the pole of a magnet and coil, Fig. 4 a series of metal 
arranged with a coil. 

Cross-int. 26. In Fig. 4 the fine inclined lines represent the reeds, 
do they not? 

Ans. Ves. 

Cross-int. 27. And what does the quadrilateral beneath them rep- 
resent? 

Ans. As I remember, a coil of wire. 

Cross-int: 28. Were the reeds to be attached to the end of the coil 
or not? 

Ans. No. 

Cross-int. 29. The sketch looks as though the reeds were either 
attached to the ends of the coil or to a large black horizontal line 
close to the upper end of the coil ; do you recollect what was really 
meant by that at the time? 

Ans. A series of metal reeds vibrating as armatures to a magnet 
or series of magriets. 

Cross-int. 30. What does the heavy black horizontal line at the 

upper end of the coil represent? 
| ns. I do not know, unless it be the base to which the metal reeds 
would be attached. 


Cross-int. 31. Did you at the time clearly understand Mr. Bell’s . 
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explanations of the ideas which he professed to have conceived in 


be to the transmission of sound by electricity and the means 
which : 


he pene to use to carry them into effect? 

Ans. I did. 

Cross-int. 32. Do you now recollect clearly and fully what those 
— were and what the means were as he then described them to 
you " 

Ans. Ves, as regards the main points. It was in part a desul- 
2 conversation, in which other points relating to acoustics were 


Cross-int. 33. What was the date of that conversation? 
Ans. October, 1874. 
Cross-int. 34. How do you fix that date? 
Ans. By a letter. 
Cross-int. 35. What letter? 
Ans. A letter of mine to Mr. Bell dated Oct. 21, 1874. 
1905 Cross-int. 36. Will you please put a copy of that letter in 
evidence as Exhibit Blake Letter? 
Ans. I produce a copy, which is as follows: , 


Horet BerRK«.ey, Oct. 21, 1874. 


My Dear Sir: There is a meeting of the Boston Society of 
Medical Sciences on the 27th inst., and I should like very much, if 
you i to show some of your tracings. If you have no photo- 
graphs I can have some made for the purpose. It will be well for 
us to publish at an early date, in order to lay our claim to the ex- 


periments. 
I have received a letter from the Royal Institute from Elisha 


Gray ae his experiments in telegraphing vocal sounds, 
which vou will be glad to see. 
Sincerely yours, CLARENCE J. BLAKE. 


Prof..A. Graham Bell. 


Cross-int. 37. In that letter you refer to a letter received from 
Elisha Gray concerning his experiments in telegraphing vowel 


‘sounds; will you — put in evidence a copy of the letter from 
ou ‘ 


Prof. Gray to 
Ans. I produce a copy; it is as follows: 


Roya Institution, Lonpon, Oct. 2, 1874. 


Clarence J. Blake, M. D. 

Dear Sin: I received your line a few days since, which was for- 
warded to me from Chicago. I am engaged at present with Prof. 
Tyndall and Latimer Clark in conducting some experiments, partly 
as a matter of scientific interest and party with a view of certain 
practical applications. I shall be in New York by the time you re- 
ceive this, as I sail on the inst. on the White Star steamer Adri- 
atic.” Shall be in New York a week or ten davs, and may possibly 
come to Boston, although I think it not likely. 

I shall be glad to receive the results of your experiments, and 
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I shall have my apparatus in New York, and, should you be there, 
or should I go to Boston, I should take pleasure in repeating some 
of the experiments before you. My New York address will be Eve- 


rett House, Union Square. 
Yours very truly, ELISHA GRAY. 


Cross-int. 38. Did you, in the summer and fall of 1874, write Prof. 
Gray ; and, if so, how many letters? i 
Ans. I did; two letters. 
Cross- int. 30. Will you please put in evidence copies of those two 
letters? 
1908 Aus. I produce copies; they are as follows: 


Boston, Hore, BERKELEY, Aug. 15, 1874. 
Elisha Gray, Esq. ies 

Deak Sir: I have just learned of your experiments on telegraphic 
transmission of musical tones, and shall be much interested to learn 
more thereof, as I have been lately experimenting, in connection 
with Prof. A. Graham Bell, on the phonautographic value of conso- 
nant and vowel sounds as received and transmitted by the drum 
membrane of the human ear. In your own further experiments it 
may be of value to you to know of the late work by Prof. Wolf, en- 
titled “Speech and the Ear,” and if our experiments this autumn 
prove successful shall be happy to place their results at your dis- 
posal, and should in return be obliged for any further information 
which you may be pleased to give me concerning your own investi- 
gations. 

Very truly yours, 
(Signed) CLARENCE J. BLAKE, M. D., 
Lecturer on Otology, Harvard Medical School. 


Hore. BERKELEY, Boston, Oct. 22, 1874. 


My Drank Sir: Accept my thanks for your favor, dated London, 
Oct. 2, which came duly to hand. If possible, it will give me great 
pleasure to call upon you in New York, but if unable to do so I 
shall endeavor to send you photographs of some of the tracings made 
from vibrations of the incus. The object of the experiments has 
been to ascertain the character of the figures traced by a style at- 
tached to the incus, malleus, and stapes, and to various points on 
the membrana tympani in response to vocal sounds. The reproduc- 
tion of overtones on the plates has been very clearly shown under 
the microscope in a few instances, and the plates would, I think, be 
of some interest to you. 

Respectfully your obedient servant, 
(Signed) CLARENCE J. BLAKE. 


Cross-int. 40. Was the interview at which the sketches, Exhibit 
18, were made before or after the date of your letter of Oct. 21, 1874, 
to Prof. Bell? 

Ans. As I remember, after. 
Cross-int. 41. At the time of that interview did the conversation 
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relate in any way to what Prof. Gray or others had been doing with 
reference to the transmission of sound by electricity ? 

Ans. Only in this much, that Mr. Bel — his preference to 
— his investigations independently of others ſollowing the same 

ine of research. 

Cross- int. 42. Mr. Bell at that time was laboring on the subject of 
the harmonic telegraph, was he not? g 

Ans. He was. 
1907 Cross-int. 43. That conversation and the sketches which 
were made by him in the course of the interview related to 
the harmonic telegraph, did they not? 

Ans. Less to that than to his absorbing idea of the transmission 
of human speech, for, as I remember that interview, the transmis- 
sion of single musical tones was considered only incidentally. 

Cross-int. 44. So far as you have any knowledge, Mr. Bell had 
ee at that time discovered how to transmit articulate speech, had 

0 

Ans. Yes. 

Cross-int. 45. What knowledge have you that leads you to that 
conclusion, and when and how was that knowledge derived ? 

Ans. Mr. Bell’s description of a means which he proposed for that 
purpose. I refer to his description at that time. 

Cross-int. 46. Now, as you say, you remember clearly and fully 
what Mr. Bell described at that time, will you please give us the de- 
scription which Mr. Bell then gave you of his discovery of the trans- 
mission of speech by electricity ? 

Ans. The plan proposed by Mr. Bell was the attachment of a 
metal reed to a membrane vibrating in response tothe human voice, 
the metal reed acting as armature to a magnet connected with 
another magnet at the end ofa line wire armed with a corresponding 
reed and membrane, the idea being that if the simple — 
vibrations of a metal reed at one end of a line wire could be repro- 
duced in a metal reed at the other end of the line wire the more 
complicated vibrations evoked by the human voice could also be so 
reproduced. 

Cross-int. 47. If I understand you, Mr. Bell had not tried the ex- 
periment at that time, but only proposed it as a possible solution of 
the question; am I correct? | 

Ans. So I understood him. ; 

Cross-int. 48. Have you stated all that you remember that he said 
at that time about that proposed apparatus described in your answer 
to Cross-int. 467 

Ans. He spoke also of speaking directly to the metal reed, and also 
of the 1 current of electricity. 

Cross-int. 49. Did he anticipate any difficulty in accomplishing 
the object by that proposed means, or express any fear that it might 
not practically answer the purpose ? 

Ans. None, except so far as purely mechanical difficulties were 
concerned in the use of animal membranes. 

Cross-int. 50. Did he — * the opinion that the strength of the 
electric currents generated in that way would be sufficient to rep 
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duce in the receivin reed the same vibrations as were imparted to 
the transmitting ? 
Ans. Yes; I am not aware that the doubt occurred to either of 


us. 
1908 Cross-int. 51. You yourself had no doubt that the strength 

of the electric currents or impulses so generated in such an 
instrument would produce in the receiving reed the same vibrations 
as were occasioned in the transmitting is that the fact? 

Ans. Yes. 

Cross-int. 52. You were at the time pretty familiar with electric 
science, were you ? 

Ans. Practically, not at all. 

Cross-int. 53. Your prior experiments with Prof. Bell had not 
then related to the electric transmission or reproduction of sound, 
had they ? | 

Ans. They had not. 

Cross-int. 54. Was that interview the first time in which Prof. 
Bell had spoken of or explained to you his proposed inventions for 
the electric transmission of sound ? 

Ans. It was not. 

Cross-int. 55. Was that the first time he had explained to you 
this — which you have described in your auswer to Cross- 
int. 75 

Ans. Yes. 

Cross-int. 56. Did you have any conversation with Prof. Bell after- 
wards about that proposed instrument; if so, when next? 

Ans. At this same interview I proposed using a curved instead of 
a plane membrane to actuate the metal reed at both ends—as, for 
instance, the drum membrane of the human ear or of the ear of 
some animal. This proposition was not carried out, because we did 
not wish to dismount the human drum membrane which we were 
using as a phonau ph, because of the difficulty of obtaining 
— preparations. Mr. Bell therefore proposed using a plane mem- 

rane. ) 

I did not have any conversation with Prof. Bell about that pro- 
posed instrument after that interview. 


(Adjourned to Nov. 14, at 9.30 a. m.) 


NoveMBER 14, 1882. 
1 57. How long have you been acquainted with Prof. 

Ans. Eleven years, or thereabouts. 

Cross-int. 58. Did you see him frequently during the summer and 
early fall of 1874? ; 

Ans. No. 

Cross-int. 59. Did you see him frequently between the time of 
that interview of October, 1874, at which the sketches were made, 
and the beginning of 1877? 3 

A. No. bat 
Cross-int. 60. Did you have any talk with him about tele- 
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phones — the time of that interview and tue beginning of 
1877 
1909 Ans. I did. 
Cross-int. 61. When and how often ? 

Ans. I cannot recall dates—at —— I think, because, 
after the date of this interview in October, my interest in the experi- 
ments of Mr. Bell became less, as he had apparently attai the 
solution of the problem concerning which he consulted me—namely, 
the transmission of articulate speech electrically. 

Cross-int. 62. When did your interest begin to decrease in con- 
mer a of your belief that he had obtained the result he was aim- 
ing at 

lon At or soon after the date of this interview in October? 

Cross-int. 63. How much latitude do you give the expression 
“soon after” in your last answer—a week or a month? 

Ans. A month is nearer the time. | 

Cross-int. 64. Did you have any interview with Mr. Bell during 
that month? 

Ans. I do not remember. 

Cross-int. 65. Your belief that he had attained the result sought 
for, and your consequent loss of interest in his investigations, were 
then based entirely upon what you learned during that interview, 
were they ? | 

A. Yes, rere 

— 66. If they were in part based upon anything else, state 
what. 

Ans. The demands made upon my time by my proſessional work, 
and the feeling that the further solution of the problem wen 34 
more purely mechanical one, I could be of less assistance to Mr. 
Bell than others better acquainted with mechanics. 

Cross-int. 67. Then, if I understand you correctly, your idea was 
that he had struck upon the correct principle to be applied, and that 
the further development would consist in discovery or invention of 
the proper means for carrying that principle into practice; am I 
correct ? : 

Ans. Not precisely; rather that, having determined one mechan- 
ical means of effecting the purpose of transmitting speech electri- 
cally, further experiment in the direction of an improvement of this 
. means would be required to perfect an apparatus for 
this pu ; 

Crose-int. 68. Do I understand you that you believed that the 
mechanical means which he described and illustrated in those 
sketches at that interview would in the form there shown be capable 
of transmitting articulate speech electrically ? 

1 Ans. Yes, as concerns the attachment of a metal reed to a mem- 
rane. 

Cross-int. 69. He did not in his sketches iliustrate the attachment 

of a metal reed to a membrane, did he? 
1910 Ans. I think not, but described its attachment in the place 
of the stylus of the phonautograph. 
42—1047 : 
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Cross- int. 70. Had you been assisting him upon or with experi- 
ments with the — — prior to this interview? 
Ans. Yes; I allude to the membrana tympani r i 
Cross-int. 71. Does Fig. 3 in your sheet of sketches, Exhibit No. 
18, represent a telephone instrument which he — 4 to use; and, 
if not, what does it represent, and why was it made? 

Ans. It does not, as I remember, but represents a magnet and coil 
with a tuning-fork as armature, and a galvanometer in circuit, and 
was, I think, made in illustration of an experiment made by Mr. 
Bell, in which deflection of the galvanometer was caused by vibra- 
tion of the tuning-fork as an armature, or by movement of its mass 
of metal to and from the magnet. 

Cross-int. 72. Did he describe the reeds in Fig. 4 as being of the 
same length or of different lengths ? 

Ans. Different lengths. 

Cross-int. 73. What did he state to be the objection in making 
them of different lengths? 

Ans. To provide an apparatus which would vibrate ‘sympatheti- 
cally to a number of musical tones, or to the human voice. 

Cross-int. 74. He proposed to make them of different lengths 
because a reed of a given length would emit a sound only in one 
particular key or pitch and would respond sympathetically only to 
u sound emitted in that key or its octave, did he not? 

Ans. Yes; that was his idea, but not so fully expressed. 

Cross-int. 75. Which of the instrumentalities shown in these four 
figures of your sketch No. 18 did he in that interview lay the most 
stress upon or regard as the most important form which he had con- 
ceived ? . 

Ans. That represented in Fig. 4. 

Cross-int. 76. Did he describe that as having been made, or only 
as conceived and to be made? 

Ans. I do not remember. 

Cross-int. 77. Then you probably do not remember that he spoke 
of any results having been already attained by it? 

Ans. I do not remember. 

Cross-int. 78. Was that interview in October, 1874, the first inter- 
view between you and Prof. Bell in which the employment of a 
membrane with a metal reed was suggested or talked about? 
Ans. Yes. | 
Cross-int. 79. At that interview who first suggested the employ- 


. 


ment of a membrane, you or Prof. Bell ? 


Ans. Prof. Bell told me that, as the results of his experiments 
with a membrane phonautograph, he had conceived the idea of a 
way in which speech could be electrically transmitted. I replied, 

“ think that I know how you would accomplish it, by making 
1911 a membrane actuate a metal stylus.” Mr. Bell replied, “That 
| is precisely iny idea. If a membrane like the human mem- 
brana tympani moves a weight such as that of the ossicles, a mem- 
brane having a metal reed attached to it should move that reed in 


response to the human voice.” His farther idea, as communicated 
to me, was that by means of this arrangement undulations should 


1885 


be — in an electric current corresponding to the undulations 
of the air produced by the human voice. 
Cross-int. 80. Then you actually described the instrument to him 


- before he described it to you, did you? 


Ans. I did not. 

Cross-int. 81. I understood you to say that before he told you how 
he proposed to accomplish the result, you anticipated him by sug- 
gesting the employment of the membrane and attached stylus, and 

at he then, in response to that s ion, gave you to understand 
that that was the idea which he had had in his mind, but which, 
as I understand you, he had not until then described to you. If I 
am incorrect in this understanding, will you please correct me? 

. Ans. My remark to Mr. Bell concerning the attachment of the 
membrane and metal stylus was in the form of a question rather 
than a suggestion. 

Cross-int. 82. What I want to know is this: Whether you asked 
that question before Mr. Bell described to you the plan of attach- 
ing the metal stylus to a membrane for the pu of transmit- 
ting electrically or whether you did not ask the question till 
after he had described such plan ; did your question come before or 
after his description of that plan ? 

Ans. Before. 

Cross-int. 83. Now, when that — was talked over aſter you had 

id or did not Mr. Bell express any 


1 it in your question, d 
doubt in his mind — whether the sound waves caused by the 


human voice would have sufficient stre to impart the necessa 
vibrations to the stylus or metal to cause electrical impulses throug 
the circuit sc‘fficient for the transmission of speech? 

Ans. I think that his idea was to use a battery to provide a cur- 
rent. 

Cross-int. 84. What I want to know is this: Did he express any 
doubt whether the movements of the metal stylus so arranged would 
be sufficient for the purpose of transmitting speech, or did he ask 
your opinion upon that point ? 

Ans. He expressed no doubt as to the production of undulations in 
an electric current corresponding to the movement of a stylus, and 
did not ask my opinion. His idea, as I remember it, was that in 
order to transmit speech it would be necessary to provide a current 
by means of a battery. 

Cross-int. ab. That answer does not fully meet the question 

1912 which I asked, and which, perhaps, I can simplify by putting 

it in this form: Did he ask your opinion as to wh the 

human voice could or could not vibrate a membrane with a stylus 
or armature attached. 

Ans. Yes. 

Cross-int. 86. What answer did you give to his question? 

Ans. That it could, if proportioned properly to the membrane, 
but that I doubted if a plane membrane would reproduce with suf- 
ficient aceuracy the sound waves resulting from the human voice. 

Cross-int. 87. And then you went on to suggest bringing the 
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metal reed in contact with the human membrana tympani, suitably 
prepared and mounted for the purpose, did you not? 

Ans. Yes. 

Cross-int. 88. When did you first have knowledge that Mr. Bell 
had made or experimented with a telephone instrument having a 
membrane with armature attached ? 

Ans. I do not remember; I think not until 1876. 

Cross-int. 89. At that interview in October, 1874, when you sug- 

ted the use of the human membrana tympani and expressed a 
doubt as to a plane membrane being sufficient for the purposé, did 
you and Mr. Bell discuss pretty thoroughly your reasons for prefer- 
ring the membrana tympani ? 

Ans. Yes. ; 
i Cross-int. 90. What were those reasons as you then stated them to 

im? 

Ans. That a curved membrane — that is to say, a membrane the 
centre of which is depressed below the level of its periphery, and 
the surface of which therefore presents a curve from the centre to 
the “pe ma PR in sympathetic vibration to a much wider 
range of musical tones than a plane membrane, and that the human 
membrana tympani, being especially adapted for such vibrations, 
would best answer the pur of the experiment. 

Cross-int. 91. Did you discuss with Prof. Bell the reasons why 
the curved meinbrane approximating the form of the ear would pro- 
duce the expected improved result ? 

Ans. Yes; but very briefly. | 
— 92. What reasons were suggested for it in that discus- 

sion 

Ans. That, responding more readily in sympathetic vibrations to 
a wider range of tones, it would respond more readily to the human 
voice and reproduce more accurately the complicated sound waves 
therefrom resulting. 

Cross-int. 93. Yes. I understand that from your answer to Cross- 
int. 90, and what I meant to ask was this: Did you discuss the rea- 
son why it would respond more readily in sympathetic vibrations 
to a wider range of musical sounds, or was the talk simply of the 
| fact without investigating the reasons? Y 
1918 Ans. We did not discuss the reason why—the talk was 

simply of the fact. . 

Cross-int. 94. How long had you and Prof. Bell been experiment- © 
ing together with phonautographs prior to that time? 

Ans. During the preceding summer we had experimented inde- 
pendently, but with the knowledge that each had such investigations 
in progress. 

ross-int. 95. Then you had not experimented together? 

Ans. No. ; ‘ 

Cross-int. 96. But Prof. Bell knew of your experiments and of the 
apparatus you used, did he? | 

Ans. Of the experiments, yes; of the apparatus, no. He was in 

Canada during the summer, where he had with him, if I remember 
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rightly, a —— of the membrana tympani to be used as a pho- 
nautograph. 

Cross-int. 97. Did you see the phonautographs with which he ex- 
perimented prior to that interview of October, 18742 

Ans. I had seen the — at the Institute of Technology, 
but to the best of my recollection I did not see the membrana 


tym- 
pant phonautograph with which he experimented until after that 


interview. 

Cross-int. 98. Had he experimented with the phonautograph at 
the Institute of Technology ? 

Ans. So I understood. 

Cross-int. 99. What was the construction of that instrument ? 

Ans. That of the ordinary membrane phonautograph, with the 
stylus hinged at the periphery of the membrane and moved by a 
piece of wood connecting it with the centre of the membrane. 

Cross-int. 100. What was the diameter of the membrane? 

— I cannot remember exactly. I should think about six 
inches. 

Cros-int. 101. About how long was the stylus? 

Ans. I cannot remember — I should think between twelve 
and eighteen inches, including the pen at its extremity. 

Cross-int. 102. At the experiments referred to in your answer to 
Int. 8 in the Dowd case (incorporated into your answer to Int. 3 in 
this case), how many persons were present taking part in the receiv- 
ing and transmitting of speech, and who were they ? 

Ans. I do not remember exactly. I think five or six, including 
Mr. Watson, Mr. Henck, Prof. Cross, and Mr. Storrow. 

Cross-int. 103. Were you at the transmitting or the receiving in- 
strument? 

Ans. Receiving, principally. One pair of instruments, I think, 
transmitted both ways. 

Cross-int. 104. When these instruments, now numbered “ 36” and 
“ 37,” were tested at that time did you listen ut the receiver or speak 

at the transmitter? 
1914 Ans. I listened at the receiver. 
Cross-int. 105. Did you test these two instruments on more 
than one day ? 

Ans. If I remember rightly, on a second occasion. : 

Cross-int. 106. About the same time or long afterwards ? 

Ans. About the same time. 

Cross-int. 107. How came you to test them on the second occasion ? 
What caused that test to be made? 

Ans. I do not know. 

Cross-int. 108. Did they work differently on the two occasions; 
and, if so, did they work better at the first test or at the second ? 

Ans. As I remember, they worked uniformly well. 

Cross-int. 109. You had no difficulty in getting articulate speech 
through them clearly, did you? 

Ans. As I remember, I heard words distinctly, using Exhibit 37 
as a receiver. | 
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Cross-int. 110. What transmitter was used when Exhibit 37 was 
used as a receiver, or did you see the transmitter that was then in use? 

Ans. I did not see the transmitter then in use. 

Cross- int. 111. Did you get sentences through the receiver No. 37, 
or only an occasional word? 

Ans. Certainly, words; either through this or another receiver 
used in experiments at the same time —a connected sentence. 

Cross-int. 112. Who adjusted the instruments in those tests? 

Ans. Mr. Watson. 

Cross-int. 113. How oſten were they adjusted during the tests? 

Ans. I have evidently misunderstood your —— question, pre- 
suming adjustment to refer to the setting of the instruments for the 
experiment. I do not remember that they were adjusted during the 
experiments. 

int. 114. You don’t remember about any of the instruments 

being adjusted during those tests in June, 1879, at Mr. Storrow’s 


office? 


Ans. I do not. 

Cross-int. 115. Do you remember any word that you received 
through those instruments at those tests ? | 

Ans. Yes. 

Cross-int. 116. What words and through what instruments ? 

Ans. “ Halloa,” “hoy,” “cold,” and a sentence which was, I think, 
“it is cold,” or “ is it cold to-day ;” through receiver Exhibit 37, or 
another receiver used in the experiments. ä 

Cross- int. 117. Referring now to Exhibit 37, do you positively re- 
member any word that you received through that instrument at 
those tests; if so, what word or words? Give us all you can remem- 

ber, but confining your answer to that particular instrument. 
1915 Ans. I cannot now remember whether the words mentioned 

in my previous answer were heard with this or another instru- 
ment. : | 

Cross-int. 118. Are you sure that any words were heard by you 
through this receiver No. 37? 

Ans. Yes. | 
1 e 119. How perfectly did the instrument work? I mean 

o. 37. 

Ans. Having no standard with which to com it, I ean only say 

not very perfectly, as compared with the sound of the human voice 


as ordinarily heard in conversation. 


Cross-int. 120. How did its working compare with that of the tele- 
phone instruments in — use in the city ? 

Ans. Very unfavorably. 

Cross-int. 121. Did it work well enough to be of any practical 
value for business purposes ? 

Ans. No; for a very simple reason, that after using for a time the 
membrane of the transmitters, being moistened by the breath of the 
speakers, became relaxed. | 

Cross-int. 122. How long could they be used before they would be- 
come relaxed so as to unfit them for use? 
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Ans. About half an hour to an hour of pretty constant use was, I 
think, sufficient to moisten the membranes and relax them. 

Cross-int. 123. Before the membranes became moist how perfectly 
did they work as compared with the ordinary telephones now in use? 

Ans. I find it very difficult to compare the two justly. With the 
present Bell hand telephone, used both as a transmitter and receiver, 
the quality of the voice is plainly distinguishable, although about 
ninety per cent. of the sound, so to speak, is not heard from the re- 
ceiver. In the receivers used in these experiments the words, while 
distinguishable, were dull, and I do not remember that I could have 
distinguished the speaker by the voice. ‘ | 


(Adjourned to Nov. 15, at 9.30 a. m.) 


NoveMBER 15, 1882. 


Cross-int. 124. Referring to those tests made at Mr. Storrow’s office 
with Exhibits 36 and 37 in 1879, how much time did you spend at 
the receiver during those tests ? 

Ans. I think about two minutes. 

Cross-int. 125. How much time did you spend at the other receiv- 
ing instruments that were used during those tests ? 

Ans. I think about the same length of time. 

Cross-int. 126. How many sentences did you hear and understand 
through the receivers during all those tests; anything except the 
sentence “ it is cold,” or something like tnat, which you referred to 

last evening ? | 
1916 Ans. Yes,I did hear other words and parts of sentences, 
but I do not remember what. 

Cross-int. 127. There was a good deal transmitted, I suppoee, 
which you tried to hear at the receiver, but which you could not 
hear or understand, was there not ? 

Ans. Yes. 

Cross-int. 128. You stated in your answer to Int. 12 in the Dowd 
case (incorporated in your answer to Int. 3 of this deposition), that 
at that trial the instruments transmitted articulate speech well 
enough to be of some practical utility. Explain just what you 
meant by that. | | 

Ans. The words which I distinguished were sufficiently clear and 
distinct to make the means employed for the transmission of speech 
in these experiments of practical value if the instruments could be 
made to work uniformly as well. 

Cross-int. 129. That would be true of any instrument that would 
transmit a word sufficiently plainly and clearly to be heard and 
understood at the receiver; would it not? 

Ans. Yes, I should think so; in equal degree. 

Cross-int. 130. From your tests of those instruments, did you con- 
sider that they successfully solved the probiem of transmitting 
spoken speech by electricity, assuming them to be the first instru 
ments that ever produced the results which you witnessed ? : 

Ans. Tes. 

Cross-int. 131. During those tests at Mr. Storrow’s office, who was 
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Ans. I do not remember; the receivers were passed from hand to 
hand during the transmission of speech. 

Cross-int. 132. From which of the receivers there used were the 
best results obtained? 

Ans. I do not remember. 

Cross-int. 133. Do you recollect whether you heard any entire sen- 
tences through the lovers’ telephones, Exhibits 40 and 41° 

Ans. I do not. ä 

Cross-int. 134. Do you recollect whether you heard any entire 
sentences through the baby telephone, Exhibits 38 and 39357 

Ans. I do not, because I do not remember through which receiver 
I head the sentence given in my answer to Cross-int. 116. 

Cross-int. 135. In your answer to Int. 14 in the Dowd case you 
referred to having taken part in a trial of Exhibits Nos. 19 and 22 
at the workshop of Charles Williams, Jr., Court street, Boston, and 
afterwards at Mr. Storrow’s office; how long did the trial of these in- 
struments at Mr. Storrow’s office last, and who were present? 

Ans. The duration of the trial in question I do not remember. 
To the best of my recollection there were present, among others, Mr. 
Storrow, Mr. Watson, Prof. Cross, and Mr. Berliner. 

3 136. Did you listen at the receiver during that 

tria 
1917 Ans. I did. 

Cross-int. 137. Did you hear and understand any spoken 
words through the receiver? If so, how many, and state any of 
them that you remember. 

Ans. I did. I do not remember how many and can recall only 
“ holloa,” “ hoy,” and “ now.” 

— 138. Did you get any of those words pretty plainly, or 
not 

Ans. Not 28 

Cross- int. 139. Where was the transmitter during that experiment, 
in another room or in the same room? If so, how far off and what 
intervened ? 

Ans. In another room, across the court-yard, in the rear of Mr. 
Storrow’s office. The court-yard is about one hundred feet wide 
and closed windows intervened. 

CLARENCE J. BLAKE. 


| Attest: CHAS. H. SWAN, 

| Examiner. 

| 1918 Deposition of Edward L. Wilson. 

| | Boston, Nov. 13, 1882. 


Direct examination by James J. Storrow, Esq., of counsel for 
complainants : 


Int. 1. State your name, age, residence, and occupation. 
Ans. Edward L. Wilson; I am twenty-three years old; I live in 
Malden, Mass., and am a mechanic. 
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Int. 2. Did you give a deposition in the case of the American 
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3 — Company v. Peter A. Dowd in the summer of 1879? 
ns. Yes. } 

Int. 3. Please look at the printed copy of that deposition and say 
if the statements therein are correct; and, if so, please read it as a 
part of your answer. 

Ans. Yes, sir; they are correct. The deposition is as follows: 


Deposition of E. L. Wilson. 


Boston, July 24, 1879. 


Direct examination by J. J. Storrow, Esq., of counsel for 
~ complainants : 


Int. 1. Please state your name, age, residence, and occupation. 
Ans. Edward L. Wilson ; twenty; Boston, Mass.; mechanic. 
Int. 2. Look at Complainants’ Exhibit 45, Bell’s Speaking Tele- 
ee Metallic Diaphragm [Exhibit No. 33 in People’s Telephone 
ease]. State, if you know, when it was made. 
Ans. In the summer of 1876. | 
Int. 3. Did you during that summer assist Mr. Bell in any tele- 
2 1 — in which that Exhibit 45 [Exhibit No. 33 in 
eople’s Telephone Co. case] was used? 
Ans. Yes; I assisted him in trying it after it was made at Exeter 
Place, Boston, as a receiver and as a transmitter. 
Int. 4. How did you use it as a transmitter ? 
Ans. By speaking to this iron diaphragm and covering itas much 
as ible with the hands, to as to form a mouthpiece with them. 
nt. 5. Please look at Complainants’ Exhibit 43, Bell’s Permanent 
Magnet of 1876 [Exhibit No. 31 in People’s Telephone Co. case]. 
State when it was made. 
Ans. It was made in July, 1876. 
a 6. State when you first knew of its use in a speaking tele- 
one. 
N Ans. About that time. As soon as it was made we tried it. 
1919 Int. 7. Please look at Complainants’ Exhibits 15 and 16, 
Membrane Telephone No. 2 [Exhibits Nos. 36 and 37 in 
People’s Telephone: Co. case], and state whether you made them; 
and, if so, what parts were made by you or under your directions. 
Ans. Every part was made by me except the iron cones and the 
winding of the coils, which were done under my direction. 
Int. 8. Who gave you the directions according to which you 


worked ? 


Ans. Mr. Watson. 

Int. 9. What directions did he give you as to size and arrange- 
ment of parts? 

Ans. He gave me a drawing containing the length of the cones, 
thickness and length of the core, the size of the iron used in making 


In the deposition here incorporated into Mr. Wilson’s answer to Int. 3 the ex- 
hibits are numbered as in the Dowd case. The numbers in brackets are the numbers 


a. American Bell 


the right-angled back piece, the armature, the cones that connect the 
armature with the diaphragm, and the resistance of the coils, and 
told me what parchment to get for the diaphragms. : 

Int. 10. Was he present while you were making them ? 

Ans. No. 

Int. 11. Did you stretch the diaphragms ? 

Ans. Yes. 

Int. 12. What instructions did he give you as to any particular 
manner of stretching them ? ’ 

Ans. None. 

Int. 13. Please look at Complainants’ Exhibits 17 and 18, Baby 
Membrane Telephones [Exhibits Nos. 38 and 39 in People’s Tele- 
phone Co. case]. State whether you made them or had them made 
under your direction, and from whom you received your instructions 
about making them. 

Ans. I made them. A tracing was given me—a drawing—by 
Mr. Watson, and he told me to make them as near the size of the 
drawing as —— 

Int. 14. What directions did he give you about the size of the core 
and the resistance of the coil? 

Ans. He gave me no directions about the size of the core, only 
to make it the size of the core in the drawing. He told me to have 
the spool filled with a certain size wire. I don’t remember what 
size. 

Int. 15. What directions did he give you as to size and shape of 
the armature ? 

Ans. He told me to make the armature as wide as the iron back 
piece to which it is hinged. 

Int. 16. What directions did he give you about the width of the 
iron back piece? 

Ans. He gave me the width, and the thickness I got by the 
drawing. 7 : 

Int. 17. Did you stretch the membranes on them ? 

Ans. Yes. , 
1920 Int. 18. What directions did he give you about the mem- 
branes or about the manner of stretching them ? 

Ans. He told me what to use for a membrane, and I tied it on 
with a piece of string. 

Int. 19. Please look at the Complainants’ Exhibits 19 and 20, 
Lovers’ Electric Telephones | Exhibits Nos. 40 and 41 in People’s 
Telephone Co. case]. State what parts of them you made and from 
whom you received your directions. 

Ans. I made every part except the mouthpiece, the spool, and 
the stretching the diaphragms. The diaphragms were on when 
they were brought to me by Mr. Watson, who gave me my direc- 
tions. : 

Int. 20. What directions did he give you as to size of core and re- 
sistance of coil? 

Ans. He gave me the size of the core, the diameter and length of 
the coil, the resistance of the coil, and told me to make the rest 


similar in shape to those made before, and to use my own judgment 
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about the thickness of the back piece and armature. He did tell 
me something about the armature. I had some iron one-sixteenth 
of an inch thick and half an inch wide. I asked him if that would 
do. He said it would. 

Int. 21. Please look at the Complainants’ Exhibits 23 and 24, 
Hand Telephone Membranes [Exhibits Nos. 44 and 45 in People’s 
Telephone Co. case}. State whether you made any part of them; 
if so, what part? 7 

Ans. I made the hinged armature and the brass cone that con- 
nects it with the diaphragm. 

Int. 22. Where did you get the wooden ring? 

Ans. It was brought to me by Mr. Watson. 

Int. 23. What directions did you receive as to the size and shape 
of the armature, and from whom did you receive such directions? 

Ans. Mr. Watson gave me a drawing with the shape he wished 
to be made, the thickness and width of the iron. | 

Int. 24. How do the thickness and width of the armatures of 23 
and 24 [Exhibits Nos. 44 and 45 in People’s Telephone Co. case 
——— with the thickness and width of the armatures of 19 an 
a xh 


ibits Nos. 40 and 41 in People’s — — Co. — 
ns. I think the armatures of 23 and 24[ Exhibits Nos. AA and 45 

in People’s — — Co. case] were made before those of 19 and 20 
[Exhibits Nos. 40 and 41 in People's Telephone Co. case]. They 
are both made of the same iron. 

Int. 25. Who stretched the diaph s on 23 and 24 [Exhibits 
Nos. 44 and 45 in People’s Telephone Co. case]? 

Ans. I did. 

Int. 26. What directions did you have about stretching the dia- 
phragm ? 

Ans. He told me to stretch them the way I always had done, and 
shellac them to prevent their becoming loose from being spoken tu. 


(Adjourned to July 25, 1879.) 


1921 Cross- examination by Causten Browne, Esq., of counsel 
for defendants: 
Boston, July 25, 1879. 

Cross-int. 27. Have you been — by any one at any time 
in or about the making of telephones besides the work you did in 
— — the particular telephones mentioned in your direct exami- 
nation 

Ans. I have not. 

Cross-int. 28. What has been your employment during the last 
three or four years? 

Ans. I have been eee in assisting Mr. Bell and in the fac- 
tory of Charles Williams, Jr. 

int. 29. Mr. Charles Williams, Jr., manufactures the Bell 

telephones, doesn’t he ? 

Ans. Yes. 

Cross-int. 30. What is the nature of your employment in his 
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the right-angled back piece, the armature, the cones that connect the 
armature with the diaphragm, and the resistance of the coils, and 
told me what parchment to get for the diaphragms. . 

Int. 10. Was he present while you were making them ? 

Ans. No. 

Int. 11. Did you stretch the diaphragms ? 

Ans. Yes. 

Int. 12. What instructions did he give you as to any particular 
manner of stretching them ? 


Ans. None. 
Int. 13. Please look at Complainants’ Exhibits 17 and 18, Baby 


Membrane Telephones [Exhibits Nos. 38 and 39 in People’s Tele- 


phone Co. case]. State whether you made them or had them made 
under your direction, and from whom you received your instructions 
about making them. 

Ans. I made them. A tracing was given me—a drawing—by 
Mr. Watson, and he told me to make them as near the size of the 
drawing as ible. 

Int. 14. What directions did he give you about the size of the core 
and the resistance of the coil? 

Ans. He gave me no directions about the size of the core, only 
to make it the size of the core in the drawing. He told me to have 
the spool filledwith a certain size wire. I don’t remember what 
size. 

Int. 15. What directions did he give you as to size and shape of 
the armature ? 

Ans. He told me to make the armature as wide as the iron back 
piece to which it is hinged. 

Int. 16. What directions did he give you about the width of the 
iron back piece? 

Ans. He gave me the width, and the thickness I got by the 
drawing. 7 

Int. 17. Did you stretch the membranes on them ? 

Ans. Yes. : 


1920 Int. 18. What directions did he give you about the mem- 


branes or about the manner of stretching them ? 

Ans. He told me what to use for a membrane, and I tied it on 
with a piece of string. 

Int. 19. Please look at the Complainants’ Exhibits 19 and 20, 
Lovers’ Electric Telephones | Exhibits Nos. 40 and 41 in People’s 
Telephone Co. — State what parts of them you made and from 
whom you received your directions. 

Ans. I made every part except the mouthpiece, the spool, and 
the stretching the diaphragms. The diaphragms were on when 
they were brought to me by Mr. Watson, who gave me my direc- 
tions. 

Int. 20. What directions did he give you as to size of core and re- 
sistance of coil? 

Ans. He gave me the size of the core, the diameter and length of 


the coil, the resistance of the coil, and told me to make the rest 
similar in shape to those made before, and to use my own judgment 
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about the thickness of the back piece and armature. He did tell 
me something about the armature. I had some iron one-sixteenth 
of an inch thick and half an inch wide. I asked him if that would 
do. He said it would. 

Int. 21. Please look at the Complainants’ Exhibits 23 and 24, 
Hand Telephone Membranes [Exhibits Nos. 44 and 45 in People’s 
Telephone Co. case]. State whether you made any part of them; 
if so, what part? . 

Ans. I made the hinged armature and the brass cone that con- 
nects it with the diaphragm. 

Int. 22. Where did you get the wooden ring ? 

Ans. It was brought to me by Mr. Watson. 

Int. 23. What directions did you receive as to the size and shape 
of the armature, and from whom did you receive such directions? 

Ans. Mr. Watson gave me a drawing with the shape he wished 
to be made, the thickness and width of the iron. : 

Int. 24. How do the thickness and width of the armatures of 23 
and 24 [Exhibits Nos. 44 and 45 in People’s Telephone Co. case 
— — with the thickness and width of the armatures of 19 an 
20 1 xhibits Nos. 40 and 41 in People’s Telephone Co. case]? 

ns. I think the armatures of 23 and 24 [| Exhibits Nos. 44 and 45 
in People’s — — Co. case] were made beſore those of 19 and 20 
[Exhibits Nos. 40 and 41 in People’s Telephone Co. case]. They 
are both made of the same iron. 

Int. 25. Who stretched the diapbragms on 23 and 24 [Exhibits 
Nos. 44 and 45 in People’s Telephone Co. case]? 

Ans. I did. 

Int. 26. What directions did you have about stretching the dia- 
phragm ? ' 

Ans. He told me to stretch them the way I always had done, and 
shellac them to prevent their becoming loose from being spoken tu. 


(Adjourned to July 25, 1879.) 


1921 Cross- examination by Causten Browne, Esq., of counsel 
for defendants : 
Boston, July 25, 1879. 

Cross-int. 27. Have you been em ployed by any one at any time 
in or about the making of telephones besides the work you did in 
—— the particular telephones mentioned in your direct exami- 
nation 

Ans. I have not. 

Cross-int. 28. What has been your employment during the last 
three or four years ? 

Ans. I have been employed in assisting Mr. Bell and in the fac- 
tory of Charles Williams, Jr. 

int. 29. Mr. Charles Williams, Jr., manufactures the Bell 

telephones, doesn’t he ? 

Ans. Yes. 

Cross-int. 30. What is the nature of your employment in his 
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Ans. Working upon different kinds of electrical work. 

Cross-int. 31. How long have you been in Mr. Williams’ employ- 
ment? 

Ans. About two and a half years. ° | 

Cross-int. 32. Do you mean to be understood by your first answer 
this morning that you have never done any work on telephones at 
Mr. Williams’ place until you made the exhibit telephones by Mr. 
Watson’s directions, as mentioned in your direct examination 

Ans. I have done a very little work on our regular instruments, 
the Bell telephones. 

Cross-int. 33. Did you make Exhibit 45[Exhibit 33 in People’s 
Telephone Co. case], or any part of it? 

Ans. No; I did not. g 

Cross-int. 34. I suppose that, prior to making and completing the 
exhibit telephones in pursuance of Mr. Watson's directions, you had 
seen no models of any telephones, had you? 

Ans. Yes; I had. 

Cross-int. 35. Any except those that you had had to dowith while 
working under Prof. Bell? 

Ans. No. 

Cross-int. 36. How long did you work under him ? 

Ans. About two months. . 

Cross-int. 37. When was it? 

Ans. In the summer of 1876. 

Cross-int. 38. What telephones or parts of telephones having 
stretched membranes had you seen before you made the exhibits by 
direction of Mr. Waison, as testified yesterday? I mean, of course, 

electric telephones. 
1922 Ans. None, except those used by Mr. Bell in the summer 
of 1876, and I have seen them since lying around. 8 

Cross- int. 39. Do you mean the same ones you saw in 1876, or 
other stretched membrane telephones? 

Ans. I sup they were the ones used by Mr. Bell; there were 
very few of them. 

„ N 40. How many do you remember altogether, first and 
ast 

Ans. There may have been fiſteen or — 

Cross-int. 41. Did you have anything to do with the making of 
any of them, or with any alteration or repairing of any of them ? 

Ans. I had nothing to do with the making of them, but have put 
on several new membraues. 

Cross-int. 42. Have you not assisted Prof. Bell in some of his 
experiments since the summer of 1876? | 

Ans. Not that I remember. 

Cross-int. 43. Is the whole of your employment at this time with 
Mr. Charles Williams in this city ? 

Ans. No; I am in the employ of the Bell Telephone Company. 

Cross-int. 44. In what capacity ? 

Ans. Starting telephonic exchanges; starting the apparatus and 
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Cross-int. 45. Is Mr. Charles Williams, Jr., the sole manufacturer 
of the Bell telephones? 

Ans. I think he is, at present. 

Cross-int. 46. Your work in starting telephonic exchanges is done 
in different distant towns, is it not? 

Ans. Yes; wherever I am sent by the company. 

Cross-int. 47. How long have you been on this duty of starting 2 
telephonic exchanges ? 7 

Ans. About one month. — 79 


Direct examination resumed: 


Int. 48. Are these instruments, the Philadelphia Centennial Tele- 
phones 38, 39, and 41 [Exhibits Nos. 26, 27, and 29 in People’s Tele- 
a = case], among those which you say you have seen? 


es. 
E. L. WILSON. 


Attest: W. P. PREBLE, In., 
Examiner 


(Complainants counsel produces for inspection the exhibits 
therein referred to. 

Mr. Hill waives cross-examination, but asks that the exhibits here 
produced shall be marked as of this case and produced at the hear- 
ing; otherwise he will object to the deposition of this witness.) 

EDWARD. L. WILSON. 


Attest: CHAS. H. SWAN, 
Examiner 


1923 Deposition of Charles R. Oross in Drawbaugh Suit. 
Am. Bett Tet. Co. et al. vs. Pror LE s Tex. Co. et al. 


Boston, May 9, 1883. 
Present: J. J. Storrow, Esq., of counsel for complainants; L. Hill, 
Eeq., of counsel for defendants. 


Second Deposition of Charles R. Cross. 


Q. 1. What is your name, and have you already testified in this 
case ? 
* — My name is Charles R. Cross, and I have already testified in 
this case. 
Q. 2. Have you read the deposition of Mr. Park Benjamin, who 
was called by the defendants as an’expert, and whose deposition is on 
1179 of the defendants’ record? If so, please state whether you 
nd therein anything which leads you to modify the opinions you 
have already expressed in your deposition in this case. 
Ans. I have read the deposition: referred to, but I do not find any- 
thing in it which leads me to modify the opinions which I expressed 
in my previous deposition in this case. 


1896 
Q. 3. Will you please state, as briefly as you can, the principal 


scientific facts which you will find set forth, and correctly set forth in 


Mr. Bell’s patent, No. 174,465. of March 7, 1876, with reference to 
the apparatus shown in Fig. 7, and its operation, and which bear 
upon the question whether the patent, so far as that apparatus is 
concerned, is a patent for an electrical speaking telephone? 

Ans. The speaking telephone is shown in Fig. 7 of the patent. In 
the body of the specification and in the claim the patentee describes 
the nature of the operation which will take place when a sound is 
uttered into the transmitter by the human voice. I know, as a 
matter of scientific knowledge, that when spoken to this is the kind 
of operation which it theoretically will perform, and the only kind 
of operation which it theoretically can perform. 

The patentee then asserts the consequence of that operation with 
that apparatus to be that “a similar sound to that uttered into the 
transmitter is then heard to proceed from the receiver.” This action 
is theoretically the necessary consequence of this operation of the 
apparatus. I know from actual trial that this —— would be 80 
well performed by a set of instruments constructed according to the in- 
structions of the patent, and without further invention, that the lis- 
tener at the receiving end will recognize and understand words 
spoken at the transmitting end. 

That feature to which the most prominence is given in the speci- 
fication is the similarity of form between the — vibrations which 

actuate the instrument and the electrical undulations due to 
1924 them. This is expressly mentioned in the following sen- 
tences of the specification: These undulations are similar 
in form to the air vibrations caused by the sound — that is, they are 
represented graphically by similar curves.“ 
his is the only feature specifically mentioned in the claim, which 
reads as follows: “5. The method of and apparatus for transmitting 
vocal or other sounds telegraphically, as herein described, by causing 
electrical undulations similar in form to the vibrations of the air 
—— the said vocal or other sounds, substantially as set 
orth.” 

This feature secures the transmission df quality. It has no pur- 

, function, or effect, except the transmission of quality, which 
includes articulate speech. This correspondence of form is the 
essential electrical novelty which distinguishes this apparatus from 
all others known to the community before it. | 


NoteE.—On Wednesday, November 15, 1882, at No. 40 State street; 
Boston, certain membrane telephone instruments, to wit, Nos. 49, 50, 
51, 52, 53, 54, 55, and 56, were tried in the presence of the exam- 
iner; there being present Mr. L. Hill, Mr. Park Benjamin, Mr. 
Chauncey Smith, Mr. Storrow, Mr. Cross, and Mr. Jacques; also, at 
the transmitting end of the line, Mr. Rydall, a short-hand writer, and 
at the receiving end of the line, Mr. Yerrinton, a short-hand writer 


Counsel for complainants now puts in evidence Mr. Rydall’s short- 
hand notes and Mr. Yerrinton’s short-hand notes. The instruments 
referred to are also put in evidence. 
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Q. 4. Were you present during all of the tests above referred to, 
and did you listen at the various membrane receivers during a por- 
tion of those tests? | 

Ans. I was present during the whole of the tests, and listened at 
the membrane receivers throughout a considerable portion of them. 

Q. 5. I have asked you to write down the situations of the two 
rooms and the “per arrangement of the circuits, ‘and .also to 
arrange in parallel columns the notes taken by Mr. Rydall in the 
transinitting-room of the words spoken into the transmitters and 
the notes taken by Mr. Yerrinton in the receiving-room of the words 
announced by the listeners as heard by them at the receivers, putting 
in in their appropriate places drawings of the different instruments 
used. Will you please produce and read as a part of your answer 
the paper so prepared ? 

Ans. I produce it, and it is as follows: 


1925 Trial of Membrane Telephones Nos. 49, 50, 51, 52, 53, 54, 55, 
pas and 56, at 40 State Street, Boston, Wednesday, Nov. 15, 
1882. 


The transmitters were placed in room 44, the receivers in room 37 . 
of the same building; the two rooms were on different stories and 
separated by a court-yard fifty feet or more wide. The instruments 
to be tested were arranged with a metallic circuit. There was also 
another tell-tale circuit connecting the two stations in which ordi- 
nary hand telephones and keys were inserted, to be used to call at- 
tention, and for the purpose of repeating back or communicating, in 
addition to the use made of the instruments under test. At the trans- 
mitting-room, No. 44, there were present L. Hill, Esq., counsel for 
the defendants; Mr. J. J. Storrow, counsel for the plaintiffs. Mr. W. 
W. Jacques and Mr. Benjamin came into the room before beginnin 
to speak into the instruments, examined them, and caused the sma 
cone instruments to be taken apart, the cores and electro-magnets 
taken off and replaced. While the instruments were being tested 
Mr. Jacques spoke into the transmitter. The newspaper sentences 
spoken were selected by Mr. Hill and read by him to Mr. Jacques, 
who repeated them into the transmitter. Mr. Hill was invited to 
speak into the transmitter, also, if he desired, but said that he did 
not care to. Mr. Storrow held the tell-tale instrument in his hand 
and listened, and spoke through that. In the following report the 
words spoken into the instrument are placed under the name of Mr. 
Jacques. 

r. Rydall, short-hand writer, in the transmitting-room, took down 
what Mr. Jacques spoke into the transmitter. 

The listener at the receiver repeated what he heard, or made ex- 
planatory remarks, taken down by Mr. Yerrinton, short-hand writer. 

In the receiving-room there were Mr. Chauncey Smith, complain- 
ants’ counsel; Prof. Cross, expert on behalf of complainants; Mr. 
Park Benjamin, expert on behalf of defendants. 


bid Ah its oT Qa 21 
ae, * ee 8 


EF .. — 
9 “4 a See * N os 


. 


A. X. 


ee e eee eee e eee GMA 
‘ . . „ . nT uns 


＋ 
11 
4 
2 
5 
2 


rf 
p fy 
SLA 74, 
v4 A — 
4 Sy A, 
AAAS 
2 7 .. 7 


Aff 
Lif ; .. 
— phy Y Af, Lif hi fii eg 
— (ff g 7 A, * — 
2 AY SSA ASA th, 
iffy / f 
A, ., 


Exurstt 53, MEMBRANE TELEPHONE RECBIVER. 
Section, one half size. 


Exuisit 58, Memprank TELePHonse REcEIvVER. 
View, one half size. 


(Nore.—The transmitter No. 54 is identical with the fo ng 
cept that the cone T flares out from the diaphragm, as in Exhibit No. 


56, infra. For dimensions see Prof. Cross’ answer 7, infra.) 


Instrument No. 54, 4 cells of Bunsen 
battery. 
Mr. Jacques: * | 
Now I am ready. I am speaking into 
one of the cone — vou 
understand this—hallo—it is a pleasant 
day outside. 
. ae hear this—can you ad- 
is—can | 


Hallo the sun is shining brightly outside 


—the sun is shining brightly ou 
I see a stone building see a stone build- 
ing. 


wires in view— 


There are many 
wires in view. 


there are many 


Receiving-room. 
Instrument, No. 53. 


Prof. Cross, listening : 


PP ic ot in the — Haka be- 


Hallo—the sun is shining brightly out- 
I see a stone building. - 


There are many wires in view. 
got it the first time, was not 
about the in view“ till he repeated it. 


— 


* 
2 


eo 


8 * n 
e . 
a. 


spire of ninety 
half —the spire of ninety- 
five Milk stecet half a — 


The wind is directly west—the wind is 
directly west—the wind is directly west. 


. 
4 The spire’’ I did not till the sec- 
coh Gun 4s bv eniteia of. 


Nobody listening. 


Ir. Benjamin now listens : 


He said something, of which I think I 
can understand the word directly.“ 


Prof. Cross, listening : 
The wind is directly west. (I understood 
it the first time.) 


Mr. Sronnow, to Mr. Hill: Do you want to speak here? 
ad r. Hitz: Not at present. Let us see—suppose you take some of 


is. 
From here to the end Mr. Hill dictated from a „ and 
Mr. Jacques spoke into the transmitter what was so di ) 


Mr. Jacques: 
New York, Nov. 14, 1882. 


New York, Nov. 14, 1882—New York, 
Nov. 14, 1882. 


The suit of Samucl meron — 
Henry Ward Beecher—the suit of Sam- 
r 


was called for trial—was called for trial 
to-day—was called for trial to-day 

before Judge Barret—before Judge Bar- 
ret—before Judge Barret 

in the supreme court circuit—in the su- 
preme court circuit—in the supreme 
court circuit. 


Mr. Benjamin, listening : 

4% 188 I get; I don’t understand any- 

- thing else. 
(The circuit was accidentally broken 

during the first part of the sentence.) 

I got the words “ New Terk and “ 1882.”’ 

comes in between sounds as 

though he was a month; I 
can’t say what month. sound was 
loud, but a good deal blurred. 


“H Ward Beecher "—nothing else; 
| it was repeated twice. 


— like—something nile to- 
4 Before J Harris 
— udge repeated three 


“In the supreme court circuit” re- 
SS ere 


2 —ů — 
. of contract; 


that; I don’t know whether 
it is or not. 


en. 


„ 


1900 


(Mr. Storrow: I would like to have Mr. Cross listen before this 


membrane gets two wet; it is getting damp now.) 


Mr. Jacques : 

The barometer is highest in Utah—the 
barometer is highest in Utah 

and is low in the Lake region—and is Jow 
in the lake region. 

At Marblehead last evening 


at Marblehead last evening. 

At Marblehead last evening 

Mrs. Martha Chapman 

as the result of an election wager 
as the result of an election wager 
wheeled Mrs. Hannah Perry 

in a wheelbarrow 

from her residence on Front street 
through State street to the square, 
around the town hall, and returned. 


The vehicle was tastefully decorated 


with Chinese lanterns. 


1929 Mrs. Moses Sweet carried u large 
banner 


with the picture of a fighting cock 

with the picture of a fighting cock 

and the inscription 

‘¢ 13,000; clean sweep. 

(Here the membrane-transmitter was 

taken off and an old box magneto-tele- 
hone, such as were in commercial use in 
877, was put on as transmitter.) 

Mr. Jacques: 


Arguments will be made—argument will 
be made. * 


Arguments will be made. 


Arguments will be made before the Ala- 
bama Claims Commission to-morrow 


on the point whether insurance agents 


can enter claims for all their companies 


or whether each company must file its 
claim separately. 

The question is of great importance to 
A ma claims, 


and it will be argued as a test case 


by Shallabarger & Wilson. 


Prof. Cross, listening : 
The barometer is highest in Utah 


and is lowest in the Lake region. 


Something like “last evening. Ask him 
te repeat. 


At Marblehead last evening 
Mrs. Martha Chapman 


as the result of a— 
as the result of an election wager 


_ wheeled Mrs. Hannah Perry 


in a wheelbarrow 

from her residence on Front street 
through State street to the square, 
around the town hall, and return. 
The vehicle was tastefully decorated 
with Chinese lanterns. 


Mrs. ——— Swett carried a large banner 
(Rhoda, I thought, was the word). 


Repeat; there was accidental noise here. 
With the picture of a fighting cock 

and the inscription 

13,000; clean sweep.” 


Mr. Benjamin, listening: 
Repeat that, please; 1 have lust it. 


No—no; I heard a noise, but it was ut- 
terly indistinguishable. 

Argument is being made Trades Com- 
mission to-morrow (all the rest is lost). 


On the insurance agent (it is not so good 
az when I was here before). 


Entertained for all their company 


or whether each company must buy sepa- 
rately. 

The system is of great importance to Ala- 
bama—(something). 

Of a— 


No, I get the form of the words, but I do 
not get the words. 


2 — 


o 
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Professor Cross listens : 
Secretary Chandler was crowded with ey — was — this 
visitors this morning. morn m to nter- 
we — 
Secretary Chandler was crowded with It sounds a little indistinct, as if the mem- 
visitors this morning. brane was slightly moist. 
1930 Secretary Chandler was crowded 
with visitors this morning. 
Secretary Chandler was crowded with Secretary Chandler was crowded with 
visitors this morning. visitors this morning. 


(These experiments have occupied about three-quarters of an hour 
there being no alteration in the adjustment of the instrument from 
beginning to end. 

A change of instruments: No. 56, cone transmitter, without base- 
board or adjustment, is now put on as transmitter, and No. 55, cone 
receiver, without base-board or adjustment, as receiver.) 


Exninit 56, MemBprane TELEPHONE TRANSMITTER. 
View, half size. 


(The receiver of this set is identical with the transmitter, exce 
that the cone tapers in from the diaphragm in the shape shown in 
Exhibit 53. For dimensions, see Prof. Cross’ Ans. 7, infra). 


Mr. Jacques : Prof. Cross, listening: 

Hallo, halle, hallo, hallo. 

This afternoon the delegates This afternoon the delegates—I thought 

: I heard—ask him to repeat. * 
this afternoon the delegates 
to the annual Baptist conference This afternoon the delegates of the New 
York something conference 

assembled in the First Baptist church, assembled in the First Baptist church, 

Brooklyn —— (This is much louder than 
ore). 


There was a fair attendance of laymen. There was a fair attendance of laymen. 


The subject of discussion was therace and The subject of discussion 


was—soine- 
religion on the American continent. thing—and religion. I thought he said 
continent. 


1981 The conference will be continued 
to-morrow and Thureday, 


and a different topic will be considered 
each day. 
Portsmouth, England, Nov. 14, 1882. 


The steamer Westphalia has been docked 


The captain of the Westphalia says 
the collision between his steamer and 
another steamer was caused 


by the latter improperly starboarding. 


the collision between his steamer and 
another steamer was caused 


He remained on the spot for two hours 


burning lights, 
but the other steamer disappeared. 


1902 


The conference will be continued to-mor- 
row and Thursday, 
and a different topic will be considered 
each day. 
Portsmouth, England, November 14, 
1882. I was not ex an 
— 


The steamer Westphalia has been docked 


The captain of the Westphalia says . 
intelli between his steamer and 
steamer was caused 


by the latter improperly starboarding. 
Ask him to repeat the den- 
oo as I was — 2 bm 
just at that time.) 

the collision 


He remained on the spot fortwo hours 
burning lights, 
but the other steamer disappeared. 


(Time of * with Nos. 54 and 53 was eight minutes. 


Instrument 


52, gallows frame, as transmitter, with 8 cells of 


Bunsen’s battery; No. 51, gallows frame, as receiver.) 


Nos. 51 anp 52, Bi. . s Seconp TELEPHONE oF 1875. 
Scale of section, one-fourth size. 


1932 Hallo, hallo, hallo! Do you hear 
this, do you hear this, do you 
hear this? Hallo, hallo, hallo, one, two, 
three, four, hallo. 
(Mr. Jacques here adjusted the instru- 
ment, the bar having slipped and thrown 
it out of adjustment. ) 


Hallo, hallo! Do hear do 
dea: this, do you bear this?” Ag 


There is some trouble with your trans- 
mitter; we hear nothing. 


Prof. Cross, listening : 
Hallo! Do you hear this? That is fair. 


Mr. Jacques: 
A despatch to the Times from Paris 


A despatch to the Times from Paris 


says the anarchists who were arrested 
says the anarchists who were arrested 


at Lyons have been committed for trial— 
| —* Lyons have been committed for 


A preliminary investigation— 
a preliminary investigation 


a preliminary investigation 

showed the existence of a scheme— 
showed the existence of a scheme 

for a partial rising at various pointe— 
for a partial rising at various points 


in order to pave the way— 
in order to pave the way 


— in the eleetion to- 
J. 

(The transmitting instrument was here 
yy the bar had slipped and was 
put in place.) 


1933 In the election to-day—in the elec- 
tion to-day 


for United States Senator - for United 
States Senator 


for the short term in the Senate —ſor the 
short term in the Senate, 


Mr. Barlow received 29 votes—Mr. Barlow 
received 29 votes, 


and Mr. Hill 14—and Mr. Hill 14. 
In the House Mr. Barlow received 79 
votes, 


in the House Mr. Barlow received 79 
votes, 

and Mr. Hill 91—and Mr. Hill 91; 

there was no election—there was no elec- 
tion. 


Troy, New York, Nov. 14, 1882—Troy 
New York, Nov. 14, 1882. 


There is great excitement here—there is 
great excitement here 

— ira cedine agecanel 

of the new board of aldermen—of the 
new board of aldermen. 


= 


1903 


Ask him to repeat. 
The despatch—something or other—from 


something — were arrested. 
at Lyons have been committed for—some- 
thing. : 


it; I think i 
1 es t 


shows the resistance of a something. 


partial at various te—ask 
hee to — Smith — 


the offer paved the way 
there was a general outbreak. 


Bs Goo tection to-day (I got that the first 
for United States Senator, 

for the short term in the Senate, . 

Mr. Barlow received 29 votes, 

and Mr. Hill 14. 


(These were all heard the first time.) 


In the House Mr. Barlow received 79 
votes, 


and Mr. Hill 91; 
there was no election. 


Mr. Benjamin, listening at No. 51: 
New York, Nov. 14, 1882. 


There is great excitement here 


over the organization 
of the new board of aldermen. 
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The republicans and ind — The republicans and i (tell 

republicans and inde him not to repeat unless I ask him to; 
I get it the first time). 

have 18 members the—something—members. 

have 18 members have 18 members 

have 18 members 

and the democrats 12 and the democrats one 

and the democrats 12 

the latter ; 

the latter at the meeting of the old the latter on the meeting of the 


the latter at the meeting of the old board 
1984 seated a candidate 

seated a candidate 

seated a candidate 

seated a candidate 

seated—seated a candidate. 


(Mr. Storrow, through a tell-tale line: 
That is what it sounds like—seated a can- 
ditate. Screw up your binding posts— 


the current makes the thing jump—suay - 
) 


when you are ready. 
Mr. Jacques: 
hallo, hallo, hallo 


who claimed to be elected to fill a va- 
cancy. 


the latter on the meeting of the old board 
(repeat that; noise blotted it out). 


sounded like heated a candidate.“ 


(Prof. Cross adjusted the instrument, 
— that he did so because it had 
rown out of adjustment by put- 

ting it upon the table.) 


who claimed to be elected. 


— of experiment, 16 minutes. 
struments Nos. 49 and 50 are now connected.) 


— 
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Nos. 49 anv 50, BELL’s First Te_ernonsg or 1875. 


Mr. Jacques : 
ae hallo, hallo, is it right—is it right— 
it right—hallo, hallo, hallo, do you 

do you understand ? 


Scale of section, one-fourth size. 


« 


Mr. Jacques: 


A scene which occasioned—a scene which 
occasioned 


a scene which occasioned 
1985 quite a sensation 
quite a sensation 
occurred last night 

in the Globe theater 
during the performance 
of Tennyson’s new pastoral drama, 


of Tennyson’s new pastoral drama, 
of Tennyson’s new pastoral drama, 


the promise of May, 

the promise of May, 

the promise of May. 

— those present —among those pres- 
en 


the uis of bury—was the 
* — * — was 
1, 


who is an avowed free-thinker - ho is an 
avowed free-thinker, 


who is an avowed free-thinker. 


He ruse excitedly from his seat—he rose 
ex—he rose excitedly from his seat, 


and loudly protested 
—— 
(The screw again became loose and the 
bar slipped; screwed together again.) 
f the principles of free thought—of the 
; ples of free thought, 
of the i of free thought—of the 
pring ple of free thought, 


‘as enunciated by one—as enunciated by 


one—as enunciated by one—as enunci- 
ated by one 
1986 of the characters of the play—of 
the characters of the pluy of the 
characters of the play. 


1905 


Prof. Cross, listening at No. 49: 
A scene is occasioned—it sounds like 


quite a sensation 


occurred last night 
in the Globe theater 
during the performance 


“the Tennyson's something,” I 
— I heard, 


of Tennyson’s mays, 
of Tennyson’s new pastoral drama. 
tell-tale line, 


(Mr. Benjamin, 
% Better repeat —* 


Once more, 


the promise of May. 
Among those present 


was the Marquis of Kingsbury, 


is an avowed free thinker. 
He rose excitedly in his seat 


and loudly protested 
against Tennyson's representation, 


ia the principle of free speech—ask him to 
repeat. 


as—being something—by one, 


as the characters are performed. 


Q. 6. At the close of the tests made with magneto-transmitters on 
that occasion an attempt was made to connect up and use a Blake 


transmitter that hap 


ed to be in one of the rooms, the results of 


the use of which, as taken down by the short-hand writers, you have 


omitted from r last answer. 


~ - 


Wil vou please state whether that 
Blake transmitter upon examination was found to be in working 
order or out of repair? 


. 


—— ñ — Sa 
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Ans. The Blake transmitter referred to was ſound to be so much 
out of repair that it could not have worked efficiently and satisfac- 
torily with any receiver whatever. 

Q. 7. Will you please describe the wooden cone instruments Ex- 
hibits Nos. 53, 54, 55, and 56, aiding yourself, if you please, by the 
diagrams found in your fifth answer? 

Ans. Exhibits 56 and 55 form the transmitter and receiver of a 
speaking telephone. The transmitter and a longitudinal section of 
it are shown in the following drawings, which are half the size of the 
exhibit instruments: ' 


Exuisit 56, MemBrane TELEPHONE TRANSMITTER. 
View, half size. 


T is a wooden truncated conical mouthpiece. Across the smaller 
end of this is tightly stretched a membrane, M. A is an armature 
hinged at its upper extremity and having its lower extremity con- 
nected with the middle of the membrane by a small cylindrical 
piece of brass, P,so that when the membrane is set into vibration by 
sound waves the armature vibrates with it. H is the helix of an 
electro-magnet of which C is the core. This core is connected by a 
screw, S, with a bent piece of soft iron, E, whose farther end is per- 
manently secured to the conical mouthpiece. The armature A is 
hinged to E and is polarized through its contact with E. The core 
C is fixed by the screw S, and the end of the core which is nearest 

to the armature is at a slight distance from the latter. This 
1937 distance cannot be altered except by varying the length of 

the core or by placing washers between it and the piece E, to 
which it is screwed. 

The receiver, Exhibit 55, is identical in its construction with the 
transmitter, except that the wooden cone to which the membrane is 
attached has its smaller end opposite the end to which the membrane 
is attached, and made so small as to be capable of entering the ear 
when the instrument is used. The membranes in the two instru- 
ments are of the same size, and the two instruments bear the same 
relation to each other as A and L in the patent. 

Exhibits 54 and 53 are also a transmitter and receiver respectively. 
They differ from the instruments which I have already described only 
in minor details. They are attached to small base-boards for con- 
venience in use, and each is provided with an arrangement for 
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stretching the membrane similar to that used in an ordinary tam- 
bourine. They have also two adjusting screws, one capable of moving 
the hinge of the armature along the soft-iron bar E, and the other 
serving to move the electro-magnet slightly so that its core can be 
placed at a proper distance from the armature. In other respects 
the two sets of instruments are identical. | 


Exuipit 53, Memprawe TeL_eruons TRaxsMitTrer. 
View, half size. 


I produce a drawing of Exhibit 53, the receiver belonging to the set 
which I have just described. It is half the size of the original. 


1938 Q. 8. In connection with Mr. Watson’s deposition there is 


printed, page 223 of complainants’ record, an extract from 

vour deposition in the Dowd case. Are the statements therein con- 
tained true; and did you make that deposition immediately after 
trying the experiments therein stated? 

Ans. The statements are true; and the deposition was made im- 
mediately after the trial there described. 8 

Q. 9. In the various trials of membrane telephones which have 
been referred to, and made by you, what kind of battery have you 
used? Have you always used the same number of cells; if not, 
how many have you usually used, and how many cells have you 
found suitable? 

Ans. I have most commonly used a Bunsen battery, substituting 
chromic acid solution for nitric acid. 

I have used from one to eight cells, but have ly found from 
three to five cells to give the best effects. is a gain in the 


K by increasing the number of cells up to 
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four or five of the kind mentioned. Beyond this the gain is less 
marked, and the addition of more cells sometimes seems injurious. 
There is apt to be trouble from undue heating of the helix if so 
many are used. 

Q. 10. In Mr. Benjamin’s deposition, pp. 1204—1209, inclusive, and 
also in his answer to cross-interrogatories 85, 86, and $7 1287), 
he referred to and produced a transmitter and receiver alleged to 
have been constructed in accordance with Fig. 7 of Mr. Bell’s patent 
of March 7, 1876. The cones of the two instruments are made of 
brass, and for that reason have sometimes been referred to for con- 
venience as Mr. Benjamin’s brass-cone telephones.” 

Did you examine those instruments in New York at the time 
when the Drawbaugh instruments were tested at the office of the 
People’s Telephone Company, on the 28th, 29th, and 30th of March, 
1882? 

Ans. I examined the instruments carefully at that time. 

Q. 11. I now show you another pair of brass-cone instruments 
which are 1 the same as those produced by Mr. Benja- 
min, except that at the present moment a sufficient thickness of 
washers is inserted between the back end of the core of the electro- 
magnet and the heel piece to bring the active end of the core and 
the armature in close proximity. Have you connected these two 
instruments together with a battery and endeavored to transmit 
vocal and other sounds with them? : 

Ans. I have done so. 

Q. 12. In Mr. Benjamin’s testimony, already referred to, he says 

that he connected together his two brass-cone instruments, 
1939 and also connected each of them with a magneto jnstrument 

of modern construction, known as the Tiadel receiver, and 
frequently referred to in this case; and that neither whet using the 
two membrane brass-cone telephones together, nor when using either 
one with the Tisdel magneto instrument, could he hear any sound 
whatever at the receiver when the transmitter was talked to. In 
your use of the two instruments now produced, which I will call 
“Professor Cross’s brass-cone telephones,” have you been able to re- 
ceive audible sounds at this membrane receiver when this mem- 
brane-transmitter was talked into? 


(Complainants’ counsel puts the said two instruments in evidence, 
to be marked “ Professor Cross’ Brass Cone Telephones,” Nos. 57 and 
58, respectively.) 

Ans. I have understood perfectly, and without difficulty, sentences 
transmitted by the use of this receiver and this transmitter. 

Q. 13. Was there any rule or practice known and commonly acted 
upon by electricians, at the date of Mr. Bell’s patent, with regard to 
the distance between the pole of an electro-magnet and its armature, 
where the forces acting upon the apparatus were slight, or were. fre- 
quent in their changes; and, if so, what was it? 

Ans. It was always eustomary in such cases to place the movi 
armature as close to the pole of the magnet as was practicable. This 
rule was universally acted upon where rapid and strong changes 
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were to be produced in the action of a magnet upon an armature, or 
of an armature upon a magnet. 

Q 14. State whether or not there is anything in the nature of the 
apparatus, Fig. 7 of the Bell patent, and its operation which would 
lead to any different rule for placing the armature with reference to 
the electro-magnet in the instruments which constitute this appa- 
ratus. 

Ans. There is not. 

Q. 15. Please look at the certified copy of the Bell patent of March 
7, 1876, heretofore filed in this case, and tell me the distance in 
the drawing, Fig. 7, between the pole of the electro-magnet and the 
armature. 

Ans. It is a little over one-fiftieth of an inch. 

Q. * Is there any direction in the patent ſor varying that dis- 
tance 


(Objected to, as the certified copy referred to in the last interroga- 
is one of the printed photo-lithograph copies used in the Patent 
ce, which lith hs are always reduced below the size 
of the original drawings filed by applicants with their applications 
for patents, and Mr. Bell’s specification was not made up with refer- 
ence to the Patent Office photo-lithographs, but to the original 
drawings filed by him. 
1940 Complainants’ counsel says that he does not understand it 
to be denied that the drawings in the certified 3 — the 
patent which the witness has just measured from are of same 
size as those in the patent actually issued by the office.) 


Ans. There is not. 

Q 17. I now show vou a certified photo-lithographic fac-simile of 
the drawing filed by Mr. Bell with his application for said patent, 
— certificate of the Patent Office with reference thereto being as 
ollows: 

“ This is to certify that the annexed are fac-similes of the original 
drawings filed in this office by Alexander Graham Bell February 
14, 1876, and on which patent No. 174,465 issued to him March 7, 
1876. Said fac-similes are reproduced from the riginal by photo- 
lithography, and are of the same size as said originals.” 


to 


Wi 2 please measure and state the distance between the arma- 
ture and the — of the electro- magnet in this full-sized fac-simile of 
the drawing filed by Mr. Bell as part of his application for his pat- 


ent of M 7, 1876? 

Ans. About one thirty-second of an inch. 

(Complainants’ counsel offers the said certified drawing in evi- 
dence, and it is marked “ Full-Sized Fac-Simile of Bell’s Application 
Drawings.”) 

2. 18. Was there any reason known to electricians at the date of 
Mr. Bell’s patent which should lead one to increase that distance in 


the construction of such an apparatus as Fig. 7, except so far as 
might be necessary, if at all, to prevent the armature from striking 
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the electro-magnet when vibrating during the operation of the in- 
strument ? 

Ans. There was not. 

19. Do you know of — fact or rule in science or practice 
which should require a skilled electrician desiring to double, for in- 
- stance, the general size of an electrical apparatus shown in a draw- 
ing or diagram, to double the distance between the electro-magnet 
and armature? 

Ans. I do not. . 

Q. 20. Do you know of any scientific fact or principle which re- 
quires a skilled electrician, or which would lead a skilled electrician 
who desired to have an apparatus like Fig. 7, but of double the size, 
to double the distance between the armature and the electro-magnet ? 

Ans. I do not. 

Q. 21. Is there any scientific fact relating to electro-magnets and 
their use which requires an increased size of the electro-magnet and 

armature, to be accompanied by the same increase in the 
1941 distance between the pole of the electro-magnet and arma- 
us ture, the instruments being the same except for the increase 
in size? 

Ans. There is not. | 

Q. 22. Was there any fact with regard to the mutal action be- 
tween armature and electro-magnet known at the date of Mr. Bell’s 

tent which would forbid a constructor of electrical apparatus to 

ouble the distance between electro-magnet and armature merely 
on account of doubling the size of electro-magnet and armature ; 
and, if so, what was it! 

Ans. It was well known long previous to the date of Mr. Bell’s 
patent that to produce the strongest effects the moving armature 
should be as close as practicable to the core of the 
The attraction of a magnet diminishes as the square of the distance 
from its pole increases; and the mutual action between a pole and 
its armature falls off even somewhat more rapidly as the distance 
increases. Hence the efficiency of any apparatus of this kind is 
greatly impaired if the distance between the armature and its 
magnet is too ly increased. If, for example, the whole appa- 
ratus were doubled in size, and the armature at the same time re- 
moved to twice its former distance from the core, if the absolute 
strength of the magnet remained the same, the effect produced by 
the moving armature would be at most only one-fourth as great; nor 
would the increased size of the electro-magnet necessarily increase 
the strength, which, on the contrary, might be diminished by the 


Q. 23. Have you made any experiments as to the effect of in- 
creasing the distance between the armature and the magnet of the 
butter-stamp telephone in ordinary commercial use; and, if 80, 
at about what distance does the instrument become practically 
— for the purpose of transmitting and receiving articulate 


Ans. I find as the result of experiments which I have tried that 


with a distance of about one-eighth of an inch between the magnets 
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and the diaphragms it becomes impossible to transmit articulate 
with the butter-stamp magneto-telephone. 
1942 Q 30. Will you please produce a Bell magneto-telephone 
of the ordinary commercial form—euch as has been referred 
to in the testimony—cut open so as to show its interior? 
Ans. I here produce it. 3 
(Complainants’ counsel puts the same in evidence as Complainants’ 
Exhibit No. 59, and it is marked “ Bell Magneto-Telephone, Butter- 
Stamp Form.”) . 


Q 31. Will you please produce a Blake transmitter, so called, of 
the style in ordinary commercial use? 

Ans. I here produce it. 

(Complainants’ counsel puts the same in evidence as Complainants’ 
Exhibit No. 60, and it is marked “ Blake Transmitter.”) 


Q. 32. When and how did you first become acquainted with Pro- 
fessor Alexander Graham Bell? 

Ans. In the early part of 1874, through his attendance on a 
tion of a course of public lectures on acoustics which I was 
giving at the Institute of Technology in this city. 

. What time in the year did your scholastic term end? 

Ans. The term ends with the — j of June. 
234. From the first part of 1874, when you became acquainted 
with Mr. Bell, up to the beginning of June, 1874, did you see him 
much or little? | 

Ans. I saw him very frequently. 

Q. 35. During the following winter, from the fall of 1874 to the 
spring of 1875, did you meet him ; and, if so, how much ? 

Ans. I continued to see him frequently, though not so often as 


2 N 
Q. 86. Did he or not, during that winter, to you about the 
electrical transmission of ; and, if so, did he state to you any 


conception he had as to how it could be accomplished, and did or 
did not his mind appear to you to be much occupied on that sub- 


? 
vg We conversed together at that time ing the transmis- 
sion of speech. I understood that he to do this by means 
of electrical undulations, and that these undulations were to be pro- 
duced by the vibration of a reed in frout of a magnet. At 
1943 some time during this winter he communicated to me the 
idea of vibrating the reed by means of a membrane. 

The subject of the transmission of speech was one which evidently 
occupied his thoughts, and to accomplish which he was striving to 
develop an efficient method. 

Q. 37 Did you form names at that time as to the theoretical 

ion of the undulatory-current method which he 


Ans. As the method itself was described I saw that it was | 
a 
2 ‘ 8 * 2 , 1 apes «Ss 2 ie odin — — ee ee 


» — —— — 0 
— — — 
—— — — — 


— caret te ot a 


1912 


theoretically perfect, and, therefore, in theory, adequate to the trans- 


mission of speech. 

Q. 38. Did you form any opinion at the time, and, if so, what, as 
to the practicability of accomplishing it according to that method by 
employing an armature and membrane vibrated by the voice to 


generate the undulatory current relied ypon ? 


2 objection, and further objected to as assuming and lead - 
ing. 

Ans. I supposed at that time that the effect produced by the vibra- 
tion of an armature would be entirely too small to accomplish the 
desired end. : 

Q. 39. Did he or did he not, during that winter, speak to you of 
the employment, for purposes of multiple telegraphy, of currents 
produced by the sonorous vibrations of a geed armature in front of 
an electro-magnet ? | 


Ans. He did. 
Q. 40. Did you form any opinion at that time as to the practica- 


bility of employing currents so produced for the purpose of harmonic 
multiple telegraphy ; and, if so, what was it? 

(Objected to as incompetent and immaterial.) 

Ans. This plan seemed to me to involve far less difficulty than 
the transmission of speech. I did not consider very fully what diffi- 
culties might be found with it in practice. 

Q. 41. Did you know, during that winter and spring, or did you 
hear, during that winter and spring, of anything in his condition 
and surroundings which was calculated to prevent him from devot- 
ing his time and attention to experimental work concerning the 
electrical transmission of speech; and, if so, what was it? 


(Objected to as calling for hearsay, and otherwise incompetent.) 


1944 Ans. I understood that his means were very limited, so 
that he was obliged to confine himself very closelv to his 


classes, which necessarily occupied a great part of his time. I also 


understood that he was under obligation to certain ns to de- 
vote his attention and experimentation exclusively to multiple 
telegraphy. . 
(Adjourned to May 10.) 
May 10. 


Q. 42. Please state whether the electrical difficulties in the use of 
a harmonic multiple telegraph apparatus using induced undulatory 
currents and those involved in the use of an ＋— ſor the trans- 
mission of h, like that shown in Fig. 7 of the patent, have any 
similarity of character, and involve similar or altogether diverse 
lines of study and experiment to overcome them ? 

Ans. The electrical difficulties which would be encountered in 
the operation of the two instruments are similar in character, though 
different in degree. Each advance in perfecting the transmission 
of signals by the undulatory current, so far as the electrical diffical- 
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ties are concerned, would be a new step toward the practical solution 
of — electrical problems involved in the transmission of articulate 


Q. 43. Would the electrical difficulties referred to be encountered 
in the construction and use of-a circuit-breaking harmonic multiple 
telegraph? 

Ans. They would not, since the — — variations in the strength 
of current on making and breaking the circuit could easily be se- 
cured by the use of a sufficiently powerful battery. ä 

Q. 44. I understand that your term for the year ended about the 
Ist of June, 1875. Did you see Mr. Bell during that summer; and 
if so, how much? 

Ans. During the summer of 1875 I saw Mr. Bell rarely, if at all. 
I do not recollect that I saw him at all. 

Q. 45. During the reminder of the year 1875 did you see him; 
and if so, how much? 

Ans. I was away from the city during August and September of 
that year, and early in October was attacked with a serious illness 
which confined me to the house for over two months, and prevented 

me from doing more than was in my r pro- 
1945 ſessional work during the winter. Until after the beginning 

of 1876 I did not see Mr. Bell more than two or three times 
at the most, and then only casually for a very few minutes. 

Q. 46. On an inspection of the drawing Fig. 7 of Mr. Bell’s patent 
do yu consider it a drawing to be literally followed in all its points 
an 


details or as a diagram, the different well-known members of 


which were to be constructed and arranged according to the knowl- 
edge of the art as usually practiced ? 


(Objected to as incompetent and leading.) 


Ans. It seems to me to be a sketch representing the construction 
and arrangement of the apparatus in such a way that one possessing 
ordinary alectrical know] would be able to construct and operate 
the apparatus successfully. I think that no one having the knowl- 
edge generally understood at the time of acoustics and electricity 
would think of following the sketch in its minute details. 

Q. 47. Please state as nearly as you can when the Blake trans- 
mitter went into commercial use. : 

Ans. In the winter of 1878-9. 


Cross-examination, de bene esse, by L. HII. I., Esq., of counsel 
for respondents : eae : 

48. In your answer to interrogatory 46 you state in effect 
that you think that any one possessing ordinary electrical knowl- 
edge would be able, from the drawing figure 7 of Bell’s patent, to 
construct and operate the apparatus successfully; did you mean 
successfully for the purpose of transmitting and reproducing vocal 
speech by electricity ? 

Ans. ‘4 did. 
Croes-Q. 49. Do you regard Mr. Bell and Mr. Watson, his assist- 
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ant, as ‘gentlemen who on March 7, 1876, and for nine months ; 3 
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com Be that time, were in the possession of ordinary electrical 
ow : 

Ans. Neither of these gentlemen, so far as I am aware, claimed to 
be a skilled electrician. | 

Cross-Q. 50. Then when you stated, in answer to interrogatory 
46, that one possessing ordinary electrical knowledge would be able, 
from that drawing, to construct and operate the apparatus success- 
fully, I sup you did not mean to imply that Mr. Bell or Mr. 
Watson could, from that drawing, construct and operate the appa- 
ratus successfully, inasmuch as you do not class them among _ 
sons possessing ordinary electrical knowledge. Am I correct? And, 

if not, please explain more fully what you mean. 
1946 Ans. In my reply to the question referred to I stated an 
opinion which I believed, and still believe, to be correct, with- 
out considering in any way whatever the knowledge or lack of 
knowledge of any particular persons. 

Cross-Q. 51. In your answer to interrogatory 2 you state that 
“that feature to which the most prominence is given in the specifi- 
cation is the similarity of form between the sound vibrations which 
actuate the instrument and the electrical undulations due to them. 
„ * * This is the only feature specifically mentioned in the 
claim. This feature secures the transmission of quality; it has no 

urpose, function, or effect except the transmission of quality which 
includes articulate ty 

Please explain more fully what you meant by that last sentence 
quoted and particularly by the words “transmission of quality which 
includes articulate speech.” 

Did you mean that the transmission of quality is all that is neces- 
sary to transmit articulatespeech? And, if not, please state precisely 
what you did mean. 

Ans. I meant that an instrument which would transmit all the 
variations in quality of any and every sound would be capable of 
transmitting articulate „ assuming, of course, that if it could 
transmit quality it would necessurily transmit variations in pitch 
and loudness. 

Cross-Q. 52. And conversely an apparatus which would not trans- 
mit and reproduce quality could not transmit and reproduce articu- 
late speech ; is not that true? 

Ans. It is true, recollecting, of course, that absolute perfection in 
the transmission of quality is not necessary for the reproduction 
of speech, but that the quality must be reproduced with suf- 
ficient exactness to enable one to recognize the transmitted. 

Cross-Q. 53. Then, from the qualification which you have added 
in your last answer, I should judge it to be unnecessary for the 
transmission and reproduction of articulate speech by electricity 
that the electrical undulations should be exactly similar in form to 
the air vibrations caused by the souud, or that they should be repre- 
sented by exactly similar curves, but that, on the contrary, it would 
be sufficient if they were approximately similar in form or were 
represented graphically by approximately similar curves. Am I cor- 
rect, in your judgment ? | 
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Ans. In an absolutely perfect apparatus there would be exact 
similarity between the acoustic and electrical undulations, and they 

would be represented by exactly similar curves. 

1947 In proportion as this theoretical perfection is departed from 

the result becomes less and less satisfactory. g 

An extremely slight de re from theoretical perfection impairs 
noticeably the operation of the instrument,and changes which would 
scarcely be evident to the eye, if the curves representing the vibrations 
were represented on any moderate scale, would probably render the 
instrument nearly or quite useless for the practical transmission of 
lophoh The same conditions hold here that hold in an _ acoustic 
telephohe. 

Cross-Q. 54. And is it true that changes in the instrument which 
would scarcely be evident to the eye might so impair the operation 
of the apparatus as to render it practically useless for the transmis- 
sion of h? 

Ans. That might possibly be the case if the eye was not an observ- 
ing one. Thus differences in the tension of the membrane might 
produce such an effect. 

Cross-Q. 55. Please explain how differences in the tension of the 
— would operate to practically change the character of the 

ect. 

Ans. If the membrane of the transmitter, for example, were too 
greatly relaxed, or if it were somewhat moist, it might be unable to 
take up the vibrations of the sound waves from the air. 

Cross-. 56. Assuming a stretched membrane with an armature 
attached to it, do you understand that such membrane has a tend- 
ency to set up any normal rate of vibration of its own? 

Ans. A membrane thus weighted has, like every body, a special 
period or special periods in which it will vibrate if slightly dis- 
turbed and then left to itself, executing then what are called in 
acoustics “ free vibrations.” If such a membrane is acted upon by 
continued vibrations outside of itself,as by the sound waves pro- 
duced in the air by the voice, it will execute what are called 
forced or “sympathetic vibrations in response to this continued 
excitation. e magnitude of its vibration will be greater in pro- 
portion us the impulses actuating it coincide more nearly in peri 
with any of its possible periods of vibration. A membrane is cape- 
ble of vibrating in an enormously large number of ways, so that it 
is capable of vibrating in accordance with the various vibrations 
produced by the voice. It is only in the sense which I have just 
explained the possible rates of vibration of the membrane w 
left to itself affect its vibration when actuated by external sound 
waves. 


: (Adjourned.) 

1948 May 11. 

Cross- 57. Do you understand that the metal diaphragm 

of a telephone has also a tendency to vibrate at a normal rate pecu- 

liar to itself? 
46—1047 
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Ans. The answer which I have made with regard to the weighted 
membrane applies equally to the metal diaphragm. So long as it 
is actuated by the voice it vibates in correspondence with it. If, after 
having been set into vibration, it is left to itself it vibrates at a rate 
dependent upon its physical characteristics — : 

Cross-Q. 50. In a former answer you mentioned the fact that during 
your telephone tests of November 15, 1882, here in Boston an attempt 
was made to employ a Blake transmitter, which, however, failed to 
operate satisfactorily, and was afterwards found to be out of order. 
Do you remembr what was the matter with it? 22 

Ans. The instrument was a very old one which had been used, 


_ now and then, for a number of years. It had been subjected to very 


hard usage, and was put in as a transmitter in the experiments re- 


ferred to hastily on account of a casual suggestion which some one 


made at the moment. I was not in the transmitting-room at this 
time, but was informed of the fact of the proposed use of the trans- 
mitter through the telephone line connecting the transmitting and 
receiving stations. I understood that the great difficulty which 
rendered the transmitter inefficient, even when tried with a modern 
Bell magneto-receiver, was that the rubber dampening pad attached 
to the wre ye torn and partly removed from the spring. 

Cross-Q. 59. Will you please inform the court what the rubber 
dampening pad of the Blake transmitter is; how it is arranged and 
combined with the other parts of the instrument, and what func- 
tion it performs, and how? 


(Objected to as immaterial.) 


Ans. The rubber dampening pad is a small piece of soft rubber 
attached to one end of a steel spring whose further end is secured 
by a screw to the metal frame of the instrument. In the Exhibit 
Blake Transmitter the rubber pad is made by slipping a short piece 
of soft-rubber tubing over the end of the steel spring, and to the 
side next the diaphragm is glued what is apparently a piece of cloth- 
faced rubber. The pad serves,to dampen the diaphragm and pre- 
vents a continuance of ‘its vibration after the voice of the speaker 
has ceased. It is also very. possible that it enables the diaphragm 
to vibrate somewhat more readily in response to all the tones of the 
voice than it would otherwise do. 

Cross-Q. 60. I have no doubt that the statement contained 

1949 in the last clause of your answer is correct, and would like to 

have you explain to the court the reason why it enables 

the diaph to respond to all the tones of the voice more readily 
than it would otherwise do. 3 


(Same objection, and also that the witness has not stated it as a 
fact that it does act in the manner referred to in the last question, 
and he ought not to be called upon to give the explanation upon 
the assertion of the counsel that he has no doubt about the fact. 

Respondents’ counsel replies that the witness has stated a faith 
that is in him, and now we want to know the reason of the faith. 

Counsel for complainants suggests that in that view the wi 
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should be called upon to explain not the fact, which he has not said he 
— « in, but why he thinks it very possible that the fact may 
80. 


Ans. I should not be willing to make any positive assertion as to 
such an action of the dampener without a very thorough course of 
experimentation; and I know, as a matter of fact, that the use of 
such a dampener is not at all essential in the transmission of 


speech. . 
My reason for the statement which I made as to the possibility of a 


better response of the diaphragm when damped is that the use of a 
dampener is well known in mR — in connection with 
the vibration of membranes as a of varying the tones to 
which a given stretched membrane will most readily respond; and 
it is le that the tones actually occurring in ordinary speech 
may more efficiently responded to by a 1 of the mate- 
rial, rigidity, thickness, and diameter of the Blake transmitter 
diaphragm when this is lightly touched at a certain point than if it 
were 2 free. 

Cross-. 61. The , pad improves the operation of the 
Blake transmitter, does it not 


(Objected to as immaterial.) 


Ans. It does. 
Cross-Q 62. And it is used in all of the Blake transmitters man- 


ufactured for the Bell Telephone Company, is it not? 3 | 

(Same objection.) 

Ans. It is, so far as my 2 extends. 

Cross-. 63. Will you — ow the effect of such an instru- 
ment with a dampening pad differs from the effect obtained without 
a dampening pad—that is to say, state in what respect the articu- 
late speech reproduced by the telephone is improved by the use of 
a dampening ped in the transmitter; and whether such pad modi- 
fies the pitch, loudness, or quality of the sounds reproduced. . 
1950 (Same objection.)) 

Ans. I have not made any very careful experiments in connec- 
tion with the study of the function of the dampening pad, so that I 


: can state only the results of casual observation. I think that its 


chief effect is to remove a tendency of the diaphragm to continue in 
its already acquired state of vibration fora brief period instead of 
immediately taking up the vibrations of the voice if these have 
changed, so that a of sharpness and clearness in the articula- 


tion 1s produced. 


Cross- 64. Then I should understand it to be the fact that the 
articulation is and clearer when the dampening pad is used 
than when it is not used. Is that true? 

(Same objection.) 7 
Ans. That I understand to be the case. | 
. 65. From the fact that the articulation with 


the damp- 
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the dampening pad tends to remove the obstruction to clear and 
sharp articulation, and the fact that the dampening pad certainly 
cannot produce any vibration in the diaphragm, but only can ob- 
struct or stop out vibrations in whole or in part, it would seem to 
follow almost conclusively that without the dampening pad the 
action of the voice sets up vibrations in the transmitting diaphragm 
which are either unnecessary and obstructive, or the continuation of 
which is unnecessary and obstructive, and which, or the continua- 
tion of which, beyond the moment of their usefulness must be due 
to the natural tendency of the diaphragm to vibrate at a normal 
rate of its own. Do you think this is a correct statement? 


(Same objection.) 


Ans. I think that, to say the least, the statement is liable to be 
misunderstood. It is, of course, very desirable that the diaphragm 
shall vibrate as perfectly as possible in response to the air vibrations 
produced by the voice, and that no vibrations produced in it by the 
voice at previous moments shall persist. 

If the diaphragm at one moment is vibrating under the influence 
of the voice at a particular rate there is, of course, a tendency, in 
consequence of the mere momentum of the plate, to continue vibrat- 
ing in this same manner for a brief period. This tendency toa 
prolongation of the vibration, even if very slight, is liable to impair 
articulation. It is, of course, also possible that if the mechanical 

agitation of the diaphragm from violent impulses given to 
1951 the air in speaking is considerable the diaphragm may tend 

to vibrate for a brief period at a rate dependent upon its own 
physical condition, which effect, if produced, will of course be dele- 
terious. 

Cross-Q. 66. If the Blake transmitter, which was attempted to be 


used November 15, 1882, in connection with the tests here in this 


office, is now accessible will you please examine it and state what is 
its present condition, and point out any particulars in which it is 
obvious to the eye that the instrument has suffered deterioration 
since it was made? 


(Same objection.) 


Ans. I do not whether the instrument is accessible or whether it 
has been repaired since the date of those experiments. As faras I 
can recollect I have had no occasion to use it since myself. At the 
time of the experiment the fact that it did not transmit speech suc- 
comer even with an ordinary Bell receiver, was explained, as I 
have already said, by the fact that the rubber on the dampening 
spring was partly removed. This, of course, from the construction 
of the Blake transmitter, short-circuited the microphone, and for 
this obvious reason rendered it incapable of serving as a transmitter. 
From my recollection of the instrument I do not think that there 
was any other deterioration so great as to make it evident to the eye 
tnat it would not work very well. 

Cross-Q. 67. Referring to the brass-cone instruments, Nos. 57 and 
58, which have been put in evidence in connection with your depo- 
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sition here at this time, will you please measure and state on the 
record the dimensions of the several operative parts thereof, and the 
distance between the armatures and core of the electro-magnets ? 

Ans. The measurements are as follows, as nearly as I can give 
them, without taking the instruments to pieces, and with the only 
scales which I have at hand: 


Diameter of membrane of transmitter, No. 57 3, inches. 
Slant height of cone 8 9 3 
Length of core of electro-magnet (including washers).. 1 * 
Length of armature of transmitter 1 “5 
Breadth 1 e W 
Thickness 8 R ͤ KK x 2 
Diameter of open end ol N 


The present distance of the armature from the core of the trans- 

mitter is, as nearly as I can readily measure it, g of an inch; but 

when the current was passing about the coils of the electro- 

1952 magnet, so that its core was magnetic, the armature of course 

5 approached considerably nearer, under the influence of the 
pull. ‘ 


The same remark applies to the armature of the receiving instru- 
ment, No. 58, which is also at present, as nearly as I can readily 
measure it, at a distance of a little less than pr inch from the core. 

The dimensions of the various parts of the receiver, No. 58, are 
substantially the same as those of the correspondings parts of the 
transmitter, No. 57, the membrane of the receiver, however, being 
Zy inches in diameter, and the smaller end of the receiver, which 
is to be applied to the ear, } inch in diameter. 

68. Please give the diameter of the cores, the length and 
diameter of the helices, the size of the helix wire, and the resist- 
ance of the coils. 

Ans. The diameter of the cores is 44 inch. The diameter of the 
coil is (as nearly as I can measure it with the instruments that I 
have) 1,4, inches. The — of the coil is 111 inches. I have no 
wire gauge at hand. The diameter of the wire is, however, about 
zs inch. I have not measured the resistance of the coils myself, 
but understand it to be about 9} ohms in each. 7 

Cross-Q. 69. Mr. Storrow has now brought in the old Blake trans- 
mitter, which was attem to be used in November 15, 1882; will 
you please look at it and see if it contains any marks by which you 
can approximately determine its age? 


(Objected to as immaterial and as new matter.) 


Ans. The number of the instrument is 7003. I see no other ap- 


parent means of fixing the date. 
70. How and why are the instruments numbered, and 
what date is approximately indicated by the number 7008 ? 


(Same objection.) | 
Ans. The instruments are the property of the Bell T 
Company, and are, as I , numbered consecutively 


a 


rr 


e eee eee 
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order of their production. I understand that the number of the 
old Blake transmitter under consideration shows that it was prob- 
ably issued during the summer of 1879. 

Cross-Q. 71. What is the number of the Blake transmitter, No. 
60, that was introduced in evidence by Mr. Storrow in your direct 
examination ? 

(Same objection.) 

1958 Ans. No. 124,709. Mr. Storrow now informs me that this 
was issued about January 1, 1883. Mr. Storrow also informs 

me that on July 1, 1879, a little more than seven thoueand Blake 

transmitters had been issued. é ‘ 

Cross-Q. 72. Will you please look at the old Blake transmitter, No. 
7003, and state what letters and figures are inscribed upon its ex- 


terior besides the number 70037 


(Same objection.) 


Ans. On the side of the instrument, immediately over the num- 
ber, are the words: 


Jan. 80, 77. 
Other patents applied for.“ 
On the front of the box, above the mouthpiece, are the words: 


. “ Property of 
National Bell Telephone Co.” 
And below the mouthpiece : 
“ Blake Transmitter.” 


73. Please answer the same question as to the new Blake 
transmitter, No. 124,709 (Complainants’ Exhibit 60). 

(Same objection.) 

Ans. On the side: 

“ Patented 
Mar. 7, 1876. 
Jan. 30, 1877. 
July 15, 1879. 
Nov. 11, 1879. 
Dec. 16, 1879. 
Oct. 10, 1871. 
Apr. 30, 1878. 
Dec. 9, 1879. 
Dec. 14, 1880. 
Aug. 2, 1881. 
Nov. 29, 1881. 
Nov. 29, 1881. 
Nov. 29, 1881. 
Nov. 29, 1881. 
Dec. 6, 1881. 


It i 
: Ans. 18. 
* 
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1954 Other patents applied for, 
Edison Carbon Telephone.” 
On the front: 
“ Property of 
American Bell Telephone Co. 
Blake Transmitter, 
124,709.” 


The number of the instrument is also stamped on the back. 

Cross-Q. 74. In the Blake transmitters here present, Nos. 7003 and 
124,709, there a to be certain springs bearing — the 
back side of the diaph with greater or less degree of pressure. 
Will you state the number and arrangement of those springs and 
the degree of pressure with which they bear against the diaphragm, 
as nearly as you can convey your idea in language? 


(Same objections.) 


Ans. The diaphragm is held in place by the very short piece of 
thick sheet brass at one side, which is very rigid, and by the damp- 
ening spring on the opposite side, whi 
phragm with moderate force. I have no means at hand for ascer- 
taining, with accuracy, what is the pressure upon the diaphragm 
exerted by these sprin 

Besides these, the platinum and carbon buttons which form the 
microphone are carried upon light. springs, and are so arranged in 
connection with an adjusting arm and screw that the platinum but- 
ton presses ~ g~ be mage the diaphragm. : 

Cross-Q. 75. The sum of all this spring pressure against the dia- 
phragm must be considerable, and yet it does not. prevent the dia- 
phragm from properly executing vibrations necessary to the 
— Bat of articulate speech. Am I not correct in these state- 
ments 


(Same objections.) 


- Ans. The diaphragm is certainly not prevented from executi 
such vibrations. It is hardly subjected, however, to what one wou 
naturally call a considerable pressure, for a very slight re of 
the finger against the diaphragm will cause it to yield and move 
. qpsing prowate agen oka back of thadlaghany 

76. spring pressure upon 
holds the latter in place, does it not? Bedsits 

(Same objections.) 

Ans. It does. 
1955 . — 77. — — — be — its ae to 

row ight iaphragm entirely upon i 
their pressure is still sufficient to support it and it 1 
is it not? . 


(Same objections.) 


presses against the dia- 
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Cross- 78. You made an affidavit in the moving papers for pre- 
5 injunction in this suit, did you not? 
Ans. I did. 


Cross-Q. 79. Please produce a copy of that affidavit in order that 
it may be 2 in evidence. 
Ans. I do so. 


(The affidavit is put in evidence as Exhibit Cross -A ffidavit.) 


chief, to the photo anal ie 1 af fall's neteat of March 7 
ief, to i ig. 7 o ’s patent o : 
1876, and to the full-sized Fig. 7, as shown in Bell’s application for 
said patent, and to the difference between the dimensions shown in 
the lithograph and the dimensions shown in the full-sized 
dra ; will you please state in what proportion the drawing was 


- redu 3 photo- litbographing process? - 
Ans. 


original drawing is about half as large again as the 


photo-lithographed reproduction in the patent. 
Cross- 81. That reduction holds for every part of the draw- 
ing, including the space between the core and the armature, does it 
t 


no 
Ans. If, as I understand to be the case, the copy of the patent 
drawing is procured by purely photo-lithographic processes, this 
must be so. ies | 
Direct examination resumed : 
Q 82. Your affidavit has been referred to; have you seen any 
reason to change any of the opinions you there expressed ? 


Ans. I have not. a 
CHAS R. CROSS. 
Attest: CHAS. H. SWAN, 
: Examiner 


Complainants’ counsel offers in evidence an article on “Telephony 
by Means of the Galvanic Current,” by Philip Reis, in the yearly 
— of the Physical Society, at Frankfort-on-the-Main, 1860-61, 
p. 57. 


1956 United States Circuit Court, Southern District of New York. 
AMERICAN BxLL TELEPHONE Co. 4 al. 


v. 
Tae Propir’s TELEPHONE Co. & al. 
Exhibits. 
(Endorsed :) Identified for sti ion. Dickerson & Dickerson, 
sol’rs for compl’ts; Miller, Peck & Dixon, def te solicitors. 
(Further 1 S. circuit court. Filed Sep. 15, 1885. 
Timothy Griffith, clerk. 


(Here follow diagrams marked pp. 1957 and 1958.) 
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1959 Complainants’ Exhibit No. 19, Bell Telephone of 1875 ( Duplicate). 


4 
| 
{ Diameter of membrane —— -.--- 4 inches. 
1 Sa om 
of — c c Te 
c c 
Width of armature — sui 3 
Depth of tube from mouth to membrane 3 “ 


Complainants’ Exhibit No. 20, Bell Telephone of 1875, Sheepekin Dia- 
| phragm. | 


(Record, page 140.) 


This is a membrane of sheepekin stretched on a wooden ring of 
the same dimensions as the ring in Complainants’ Exhibit No. 19, 
and adapted to be substituted for the ring and membrane of gold- 
beater’s skin in Exhibit 19. | 


— Ge 
Complainants’ Exhibit No. 21, Bell Telephone of 1875, Heavy Arma- 
ture. 


(Record, page 140.) 


This is a heavy armature used as a substitute for the armature in 
Exhibit No. 19. 


Dimensions: 


1924 
1960 Complainants’ Exhibit No. 22, Second Bell Telephone of 1875, 


Dimensions: 
Diameter of membrane 2? inches. 
— 0 —. — — 14 * 
ngth of spool— . — te * 
Length of — ee e 2 * 
. . —— ¶ —— ů —— ů ů ů — 3 


Complainants’ Exhibit No. 23, Second Bell Telephone of 1875, Sheepskin 
Membrane. : 


(Record, page 144.) 


This is a membrane of sheepskin stretched on a wooden ring of 
the same dimensions as the ring in Complainants’ Exhibit No. 22, 
and adapted to be substituted for the ring and membrane of gold- 
beater’s skin in said Exhibit 22. 


Diameter of membrane 2? inches. 
1961 Complainants’ Exhibit No. 24, Bells Application of 1876. 
(Record, page 158.) 


DEPARTMENT OF THE INTERIOR, 
Unrrep States Patent OFFICE. 


To all persons to whom these presents shall come, Greeting: 


This is to certify that the annexed is a true copy from the files of 
this office of the file wrapper and contents in the matter of the let- 
ters patent granted Alexander Graham Bell, March 7, 1876, No. 
174,465, for improvement in telegraphy. 

In testimony whsreof I, W. H. Doolittle, Acting Commisioner of 
Patents, have caused the seal of the Patent Office to be hereunto 
affixed, this tenth day of April, in the year of our Lord one thou- 
sand eight hundred and seventy-nine, and of the Independence of 
the United States the one hundred and third. 

[sEaL.] W. H. DOOLITTLE, 
Acting Commissioner. 


. oe 
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To the Commissioner of Patents: 
Your petitioner, Alexander Graham Bell, of Salem, Mass., prays 


that letters patent may be granted to him for the invention set forth 


in the annexed specification. 

And he hereby appoints Pollok and Bailey, of Washington, D. C., 
his attorneys, with full power of substitution and revocation, to prose- 
cute this application, to make alterations and amendments therein, 
to receive the patent, and to transact all business in the Patent Office 


connected therewith. 
ALEXANDER GRAHAM BELL. 


Witnesses to signature : 
THOMAS E. BARRY, 
P. D. RICHARDS. 


1962 To whom it may concern: 


Be it known that I, Alexander Graham Bell, of Salem, Massachu- 
setts, have invented certain new and useful improvements in teleg- 
raphy, of which the following is a specification : | 

n letters patent _ to me April 6, 1875, No. 161,739, I 
have described a method of and apparatus for transmitting two or 
more telegraphic signals simultaneously along a single wire by the 
employment of transmitting instruments, of which occasions a 
succession of electrical impulses differing in rate from the others, 
and of receiving instruments, each tuned to a pitch at which it will 
be put in vibration to produce its fundamental note (tone) by one 
only of the transmitting instruments, and of vibratory circuit- 
breakers operating to convert the vibratory movement of the re- 
ceiving instrument into a permanent make or break (as the case 
may be) of a. local circuit, in which is placed a Morse sounder, regis- 
ter, or other te hic ———— I have also therein described a 
form of au telegraph based upon the action of the above- 
mentioned instruments. 

In illustration of my method of multiple telegraphy I have shown 
in the patent aforesaid, as one form of transmitting instrument, an 
electro-magnet having a steel spring armature which is kept in 
vibration by the action of a local battery. This armature in vibrat- 
ing makes and breaks the main circuit, producing an intermittent 
current upon the line wire. I have found, however, that upon this 
plan the limit to the number of signals that can be sent simul- 
taneously over the same circuit (wire) is very speedily reached, for 


-when a number of transmitting instruments having different rates 


of vibration are simultaneously making and breaking the same cir- 
cuit. the effect upon the main line is practically equivalent to one 
continuous current. 

(* My present invention consists in the employment of a vibra- 
tory (or undulatory) current of electricity in place of a merely inter- 
mittent one, and of a method of, and apparatus for, producing elec- 
trical undulations upon the line wire.) 


* Erase and insert per Am’d’t A, Feb. 29, 76. 
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1963 The advantages I claim to derive from the use of an undu- 

latory current, in place of merely an intermittent one, are— 

1. That a very much larger number of signals can be transmitted 
simultaneously over (on) the same circuit. 


2. That a closed circuit and single main battery may be used 


(employed). 

3. That communication in both directions is established without 
the necessity of using special induction coils. 

4 And that cable despatches may be transmitted more rapidly 
than by means of an intermittent current, or by the methods at 

resent in use; for, as it is unnecessary to discha the cable 
before a new signal can be made, the lagging of cable signals is 
prevented. 

5. And that as the circuit is never broken, a spark arrester be- 
comes unnecessary. 

It has long been known that when a permanent magnet is caused 
to approach the pole of an electro-magnet a current of electricity is 
induced in the coils of the latter, and that when it is made to recede 
a current of opposite polarity to the first appears upon the wire. 
When, therefore, a permanent magnet is caused to vibrate in front 
of the pole of an electro-magnet an undulating current of electricity 
is induced in the coils of the electro-magnet, the undulations of 
which correspond in rapidity of succession to the vibrations of the 
magnet, in polarity to the direction of its motion, and in intensity to 
the amplitude of its vibration. 

That the difference between an undulatory and an intermittent 
current may be more clearly understood, I shall describe the con- 
dition of the electrical current when the attempt is made to trans- 
mit two musical notes simultaneously, first upon the one plan, and 
then upon the other. g 

Let the interval between the two sounds be a major third; then 
their rates of vibration are in the ratio of 4:5. Now when the in- 
termittent current is used the circuit is made and broken four times 
by one transmitting instrument in the same time that five makes 
and breaks are caused by the other. A and B, Figures 1, 2, and 3, 
represent the intermittent currents produced, four impulses of B (A) 
being made in the same time as five impulses of A (B). e e e, etc., 

show where and for how long time the circuit is made, and 
1964 ddd, etc., indicate the duration of the breaks of the circuit. 
The line A and B shows the total effect upon the current 
when the transmitting instruments for A and B are caused simulta- 


neously to make and break the same.circuit. The resultant effect . 


depends very. much upon the duration of the make relatively to the 
break. In Figure 1 the ratio is as 1: 4: in Figure 2 as 1: 2, and in 
ure 3 the makes and breaks are of equal duration. 
he combined effect of A and B, Figure 3, is very nearly equiva- 
lent to a continuous current. 

When many transmitting instruments of different rates of vibra- 
tion are simultaneously making and breaking the same circuit the 
current upon the main line becomes for all practical purposes con- 
tinuous. ~ 


74 
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Next consider the effect when an undulatory current is employed. 
Electrical undulations induced by the vibration of a body capable of 

_. inductive action can be represented graphically without error by the 

A same sinusoidal curve which expresses the vibration of the inducing 
body itself, and the effect of its vibration upon the air; for, as above 


stated, the rate of oscillation in the electrical current ds | 
to the rate of vibration of the inducing body—that is, to the pitch of “a 
the sound produced ; the intensity of the current varies with the , 
2 — of the vibration—that is, with the loudness of the sound; — 
; and the polarity of the current corresponds to the direction of | 


_ the vibrating body—that is, to the condensations and rarefactions 
of air — by the vibration. Hence the sinusoidal curve A 
or B, Figure 4, represents graphically the electrical undulations 
induced in a circuit by the vibration of a body capable of inductive 
action. | 

The horizontal line a d e f, etc., represents the zero of current; 
the elevations 5 b b (e e o), etc., indicate impulses of positive elec- 
tricity; the depressions, e e e (e e e), etc., show impulses of negative 
electricity; the vertical distance, 6 d (e d) or e f (e f), of any portion 
of the curve from the zero line expresses the intensity of the positive 
or — impulse at the part observed, and the horizontal di 
a a indicates the duration of the electrical oscillation. The vibrations 

| represented by the sinusoidal curves B (A) and A (B), — „ 4, are 
nad in the ratio aforesaid of 4 : 5—that is, four oscillations of B (A) are 
made in the same time as five oscillations of A \ (@). 
1965 The combined effect of A and B when induced simul- 
taneously on the same circuit is expressed by the curve A + 
B, figure 4, which is the algebraical sum of the sinusoidal curves 
A an 

This curve, A + B, also indicates the actual motion of the air 
when the two musical notes considered are sounded simultaneously. 
Thus when electrical undulations of different rates are simulta- 
neously induced in the same circuit an effect is uced exactly 
analogous to that occasioned in the air by the vibration of the in- 
ducing bodies. Hence the coexistence upon a — circuit of 
electrical vibrations of different pitch is mani , not by the ob- 
> literation of-the vibratory character of the current, but by peculiar- 
ities in the shapes of the electrical undulations, or, in other words, 
by — in the shapes of the curves which represent those 

.. undulations. 

There are many ways of producing undulatory currents of elec- 
tricity, but all of them depend for effect upon the vibrations or 
motion of bodies capable of inductive action. A few of the methods 
that may be employed I shall here specify. When a wire through 
which a continuous current of electricity is passing is caused to 
vibrate in the neighborhood of another wire an undulatory current 
of electricity is induced in the latter. When a cylinder which 
are bar magnets is made to rotate in front of pole of 

— an electro- an undulatory current (of electricity) is · induced 
in the coils of the electro- 3 
Undulations are caus od in a continuous voltaic current by the 


1 eee 
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vibration or motion of bodies capable of inductive action, or by the 
vibration of the conducting wire itself in the neighborhood of such 
bodies. (Electrical undulations may also be caused by alternately 
increasing and diminishing the resistance of the circuit, or by alter- 
nately increasing and diminishing the power of the battery.) The 
internal resistance of a battery is diminished by bringing the voltaic 
elements nearer together, and increased by placing them farther 
apart. The reciprocal vibration of the elements of a battery, there- 
fore, occasions an undulatory action in the voltaic current. The ex- 
ternal resistance may also be varied. For instance, let mercury or 
some other liquid form part of a voltaic circuit, then the more deeply 
the conducting wire is immersed in the mercury or other 
1966 liquid the less resistance does the liquid offer to the 
of the current. Hence the vibration of the conducting wire 
in mercury or other liquid included in the circuit occasions undu- 
lations in the current. The vertical vibrations of the elements of a 
battery in the liquid in which they are immersed produce an undu- 
latory action in the current by alternately increasing and diminish- 
i e power of the battery. 
in illustration of the method of creating electrical undulations, I 
shall show and describe one form of apparatus for producing the 
effect. I prefer to employ for this purpose an electro- et, A, 
figure 5, having a coil. upon only one of its legs, ö. A aod spri 
armature, ¢, is firmly clamped by one extremity to the unco 
leg d of the magnet, and its free end is allowed to project above the 
pole of the covered leg. The armature e can be set in vibration in 
a variety of ways, one of which is by wind, and in vibrating it pro- 
duces (yields) a musical note of a certain definite pitch. : 


When the instrument A is placed in a voltaic circuit, g ö e f g, the. 


armature c becomes magnetic, and the polarity of its free end is 
opposed to that of the magnet underneath. long as the arma- 
ture c remains at rest no effect is produced upon the voltaic current, 
but the moment it is set in vibration to —— its musical note a 
powerful inductive action takes place, and electrical undulations 
traverse the circuit gb e fg. The vibratory current passing through 
the coil of the distant electro-mugnet f causes vibration in its arma- 
ture, h, when the armature c h of the two instruments A I are nomi- 
nally in unison with one another, but the armature h is unaffected 
by passage of the undulatory current when the pitches of the 
two instruments A I are different. 

A number of instruments may be placed upon a telegraphic circuit 
as in figure 6. When the armature of any one of the instruments 
is set in vibration all the other instruments upon the circuit which 
are in unison with it respond,. but those which have normally a 
different rate of vibration remain silent. Thus if A, figure 6, is set 
in vibration the armatures of Al and A“ will vibrate also, but all the 
others on the circuit will remain still. So if: B' is caused to emit 
its musical note the instruments B F respond. They continue 
sounding so long as the mechanical vibration of B' is continued, but 
' become silent the moment its motion stops. 


| 
| 
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1967 The duration of the sound — used (made) to indicate 
(signify) the dot or dash of the Morse alphabet, and thus a 


, telegraphic despatch may be indicated (can transmitted) by 


Alternately interrupting and renewing the sound. 

When two or more instruments of different pitch are simultane- 
ously caused to vibrate all the instruments of corresponding pitches 
upon the circuit are set in vibration, each responding to that one 
only of the transmitting instruments with wh:ch it is in unison. 
Thus the signals of A, fieure 6, are repeated by Al and A“, but by 
no other instrument upon the circuit; the si of F by B and 
B'. and the signals of O by C and O, whether A, F, and C are 
successively or simultaneously caused to vibrate (set in vibration). 
Hence by these instruments two or more telegraphic signals or 
messages may be sent simultaneously over the same circuit withcut 
interfering with one another. 

I desire here to remark that there are many other uses to which 
these instruments may be put, such as the simultaneous transmis- 
sion of musical notes, differing in loudness as well as in pitch, and 

che telegraphic transmission of noises or sounds of any kind. 

When the armature c, figure 5, is mechanically set in vibration 
the armature h responds not only in pitch, but in loudness. Thus 
when e vibrates with little amplitude a very soft musical note pro- 
ceeds from h, and when e vibrates forcibly the amplitude of vibra- 
tion of h is considerably increased, and the (resulting) sound becomes 
louder; so, if A and B, figure 6, are sounded simultaneously (A 
loudly and B softly) the instruments Al and A“ repeat loudly 
signals of A and instruments B' B* repeat gently (softly) those of B. 

One of the ways in which the armature e, re 5, may he set in 
vibration has been stated above to be by wind. Another mode is 
shown in figure 7, whereby motion can be imparted to the arma- 
ture by means of the human voice or by (the tones) means of a 
musical instrument. 

The armature c, figure 7, is fastened loosely by one extremity to 
the uncovered leg d of the electro-m b, and its other extremit 
is attached to the centre of a stretched membrane, a. A cone, A, is 

used to converge sound vibrations upon the membrane. 
1968 When a sound is uttered in the cone the membrane a is set 

in vibration, the armature e is forced to partake of the motion, 
and thus electrical undulations are created (caused) upon the circuit 
Ebefg. These undulations are similar in form to the air vibra- 
tions caused by the sound—that is, they are (can be) represented 
graphically Ly similar curves. 

The undulatory current passing through the electro-magnet f in- 
fluences its armature h to copy the motion of the armature c. A 
similar sound to that uttered into A is then heard to proceed 
from L. 

In this ification the three words “oscillation,” “vibration,” 
and “undulation” are used synonymously.* By the term “body 
capable of inductive action” I —— , when in motion, 


* Insert per Amd’t B, Feb. 29, 76. 
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uces dynamical electricity. I include in the category of bodies 
—— of Inductive action brass, copper, and other metals, as well 
as iron and steel. 

Having described my invention, what I claim and desire to secure 
by letters patent is as follows: 

1. A system of telegraphy in which the receiver is set in vibration 
by the employment of undulatory currents of electricity (substan- 
tially as set forth). 

2. The combination (substantially as set forth) of a permanent 
magnet or other body capable of inductive action with a closed cir- 
cuit, so that the vibration of the one shall occasion (produce) elec- 
trical undulations in the other or in itself, and this I claim, whether 
the permanent magnet be sct in vibration in the neighborhood of 
the conducting wire forming the circuit, or whether the conducting 
wire be set in vibration in the neighborhood of the permanent mag- 
net, or whether the conducting wire and the permanent 
ee be set in vibration in each other’s neighbor- 

3. The method of producing undulations in a continuous voltaic 
current by the vibration or motion of bodies capable of inductive 
action, or by the vibration or motion of the conducting wire itself 
in the neighborhood of such bodies (as set forth). | 

4. The method of producing undulations in a continuous 

1969 voltaic circuit by (gradually increasing and diminishing the 

resistance of the circuit, or by) *gradually increasing and 
diminishing the power (of the battery as set forth). 

5. The method of and apparatus for transmitting vocal or other 
sounds — — as herein described by causing electrical un- 
dulations, similar in form to the vibrations of the air accompanying 
the said vocal or other sounds (substantially as set forth). 

In testimony whereof I have hereunto signed my name this 
twentieth day of January, A. D. 1876. 

ALEX. GRAHAM BELL. 

Witnesses : 

THOMAS E. BARRY. 
P. D. RICHARDS. 


STATE OF MASSACHUSETTS, } sie 
Suffolk County, f 


Alexander Graham Bell, the above- named petitioner, being duly 
sworn, deposes and says that he verily believes himself to be the 
original and first inventor of the improvements in telegraphy de- 
seribed and claimed in the foregoing specification ; that he does not 
know and does not believe that the same was ever before known or 
used ; and that he is a native of Great Britain, and has declared his 

intention of becoming a citizen of the United States. 
| ° ALEX. GRAHAM BEL 
Witnesses: 

THOMAS E. BARRY. 

P. D. RICHARDS. 


> 
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ay to and subscribed before me this 20th day of Japuary, A. 
| 1 THOMAS E BARRY, 
* 5 Notary 
1970 geb sent Exam 's Room, No. 118, 
Feb. 19. U. S. Patent OFrice, 
S. R. A. Wasuineron, D. C., Feb’y 19, 1876. 
A. G. Bell, care Pollok & Bailey, present. 


Telegraphy.—In this case it is found that the Ist, 4th, and 5th 
: clauses of claim relate to matters described in a pending caveat. 
The caveator has been notified to complete, and this app’n is sus- 
| pended for ninety days, as required by law. 
Z. F. WILBER, Err. 


In the Matter of the Application of A. Granam Batt for Imp'ts in 
Telegraphy. Filed Feb’y 14. 76. 


Hon. Com’r of Patents. 


Sin: In this matter we beg to acknowledge receipt of official let- 
ter notifying us of the suspension of our application for completion 

' “2 — —— * ae 3 

e respectfully request, before it is conclu to su our ap- 
* plication for three months, that you determine whether or not our 
application was not filed prior to the caveat in question. 

e have — the date of filing of the caveat (inasmuch as 
„ we are entitled to the knowledge), and find it to be February 14, 
1876, the same day on which our application was filed. If our ap- 
plication was filed earlier in the day than was the caveat, then there 
is no warrant for the action taken by the office. 
| We suggest that an examination of the books in the examiner’s, 
Mr. Moore’s, and the chief clerk’s rooms be made with a view of de- 
termining this question. 

We can say that our application was filed early in the day on 
Feb’y 14, and at our request was on the same day sent to the ex- 


| Fes’y 14, 1876. 


> aminer; we also call attention to the fact that our client’s oath of 
invention is dated Jan’y 20, 76. 1 
Respectfully, POLLOK & BAILEY, Aé’ys. 
1971 ExaMINER’s Room, 118, Feb’y 24, 1876. 


Respectfully referred to the hon. Comm'r for instructions. 

The regular practice in the office has been to determine dates of fil- 
ing by days alone, and in accordance with such practice I suspended 
the application herein referred to on. ac. of a caveat,’the 74870 
tion and caveat being filed upon the same day, viz., Feb y 14, 1876. 
In view of the practice above noted I have paid no attention to 
the alleged difference between the times of the filings on same day. 


Respectfully submitted. 
85 z F. WILBER, Ber. 
481047 
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The application in order to become liable to suspension to await 


the completion of his —- by a caveator must have been filed « 


“within the year” of the life of the caveat. Ordinarily the day of 
filing is not computed, and is considered punctum temporis. Yet 
where justice requires it the exact time in the day when an act was 
done may be shown by proof. (Kent's Comm: 95, N.) The examiner 
will be guided by this rule in the present case, and if the record 
shows that the a was filed earlier in the day, then the 


caveat should be disregarded, and otherwise not. 
25-2-76. 
ELLIS SPEAR, 
‘ A te 0 @ @ ‘ 


| Ex’r’s Room, 118, Feb’y 25, 1876. 
The cash blotter in the chief clerk’s room shows conclusively that 
the application was filed some time earlier on the 14th than the 


caveat. 
The app’n was received also in 118 by noon of the 14th; the caveat 


not until the 15th. 
Z. F. WILBER, Ex’. 


1972 y sent 


S. R. A. 
EXAMINER’s Roon, No. 118, 


U. S. Patent OFFICE, 
Wasuinoron, D. C., Feb’y 25, 1876. 


A. G. Bell, care Pollok & Bailey, present: 
Fep’y 14, 1876. 
— — suspension of this application, having been de- 
e 


clared under a misapprehension of app’t’s rights, is withdrawn. 
Z. F. WILBER, Er. 


In the Matter of the Application of A. Gnanau BELL for a Patent 
for Improvements in Telegraphy. Filed Feb’y 14, 1876. 


In this matter amend the specification as follows: 

Page 2, erase from line 19 to line 24, inclusive, and substitute 
therefor the following: 

(In a pending application for letters patent, filed in the U. S. 
Patent Office February 25, 1875, I have described two ways of pro- 
ducing the intermittent current, the one by actual make and break 
of contact, the other by alternately increasing and diminishing the 
intensity of the current, without actually breaking the circuit; the 
current produced by the latter method I shall term, for distinction 
sake, a pulsatory current. 

My present invention consists in the employment of a vibratory 
or undulatory current of electricity, in contradistinction to a merely 
intermittent or pulsatory current, and of a method of and apparatus 
for producing electrical undulations upon the line wire. 

distinction between an undulatory and a pulsatory current 
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will be understood by considering that electrical pulsations are 
caused by sudden or instantaneous of intensity, and that 
3 electrical : undulations result from gradual changes of intensity ex- 
-* actly analogous to the changes in the densit air accasioned by 
simple pendulous vibrations. The electrical movement, like the 
aerial motion, can be represented by a sinusoidal curve, or by the 
resultant of several sinusoidal curves. 
1973 Intermittent or pulsatory and undulatory currents may be 
of two kinds, accordingly as the successive impulses have all 
the same polarity, or are alternately positive and tive.)* . 
Page 13, line 15, after “ synonymously (insert and in contradis- 
tinction to the terms “ intermittent” and “ pulsatory.” f) 
In the 4th claim erase the word “ alternately ” whenever it occurs, 
and substitute therefor the word (“ gradually.” 1) 
POLLOK & BAILEY, 
Att’y for A. Graham Bell. 


Copied Mar. 26. 76. Room No. 118. (No. 14.) (Interference.) 
* Interference A. 


d DEPARTMENT OF THE IXTERIOR, 
} Urra States Patent OFFIce, 
Wasuinerton, D. C., Mar. 26, 1878. 
A. G. Bell, care A. Pollok, present; also copy to Gardiner G. Hub- 
bard, Cambridge, Mass.: 
Please find below a copy of a communication from the examiner 
concerning your patent No. 174,465, dated Mar. 7, 1876, for teleg- 


raphy. 
Very respectfully, : ELLIS — 


aa —- .q— 


Your case above referred to is adjudged to interfere with the ap- 
| plications and patents named below, and the question of priority 
will be determined in conformity with the rules accompany- 
| 1974 ing this. The preliminary statement demanded by rule 

must be sealed up and filed on or before the sixth day of 
May, 1878, with the subject of the invention and name of party 
filing it endorsed on the envelope. The subject-matter involved in 
the interference is the hereinbefore described art of transmitting 
and ucing at a distance sonorous waves or vibrations of an 
decription, which consists in increasing and decreasing the — 
of an electric current traversing a circuit in such a manner as to 
produce in said circuit a series of electrical waves or vibrations pre- 
cisely corresponding in their intervals of succession and relative 
amplitudes to the sonorous waves which are to be reproduced at the 
receiving station or stations, so that oral conversations or sounds of 
any oe may be telegraphically transmitted.” (Gray’s first 

m. 


*Amd’t Feb. 29,76. tAméa’t B, Feb. 29,76. | tAmd’t O, Feb. 29, 70. 
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This is substantially the method specified in Bell’s fifth claim, and 
is described in the applications of Edison, Berliner, Richmond, Dol- 
bear, aud Holcombe. 


Parties to Interference. 


Elisha Gray, app’n filed Oct. 29, 1877 (No. 1); atty’s of record, 
Baldwin, Hopkins and Peyton, Washingtion, D. C. 

Thos. A. Edison, app’n filed Apr. 27, 1877 (case 130); att’y of 
record, L. W. Serrell, box 4689, New York city. . 

Emelie Berliner, app’n filed June 4, 1877; att y of record, James 
L. Norris, Washington, D. C. 

Geo. B. Richmond, app'n filed Aug. 24, 1877; att’y of record, 
George W. Dyer, Washington, D. C. 

A. G. Holcombe, app'n filed Jan. 28, 1878; att'y of record, Moses 
G. Farmer, Torpedo station, Newport, R. I. 

A. E. Dolbear, app'n filed Oct. 31, 1877 (A); att’y of record, 
Frank L. Pope, Elizabeth, N. J.; Jas. L. Norris, asso. att y, Wash- 


ington, D. C. 
H. C. TOWNSEND, Er. 


Copy. Mar. 25, 1878. P. W. P. Room No. 118. (No. 14.) (In- 
terference.) 7 


1975 yy Interference B. 


DEPARTMENT OF THE INTERIOR, 
Unitep States Patent OFFIce, 
WASHINGTON, D. C., March 26, 1878. 
Alex’r G. Rell. care A. Pollok, present; also copy to Gardiner G. Hub- 
bard, Cambridge, Mass.: 
Please find below a copy of a communication from the examiner 


concerning your patent 174,465, dated March 7, 1876, “teleg- 


raphy.” 
Very respectfully, ELLIS SPEAR, 
Commissioner of Patents. 


Your case above referred to is adjudged to interfere with the ap- 
plications named below, and the question of priority will be deter- 
mined in conformity with the rules accompanying this. The pre- 
liminary statement demanded by rule 53 must be sealed up and 
filed on or before the sixth day of May, 1878, with the subject of in- 
vention and name of party filing it indorsed on the envelope. 
subject-matter involved in the interference is the hereinbefore de- 
scribed improvement in the art of transmitting vocal sounds or 
spoken words telegraphically, which consists in throwing upon the 
line — the medium of a varying resistance electric impulses 
corresponding to the vibrations of a diaphram operated by the 
: — of the air produced by a spoken word. (Gray’s second 
claim. 

This is substantially described in the applications of Gray, Edison, 
Berliner, and Richmond. 


1976 Serrell, box „N. 
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The parties to. the interference are: Elisha Gray, pn filed Oct 

29, 1877; att'ys, Baldwin, —2— & Peyton, ington, D. C 

T. A. Edison, app'n filed April 27, 77 (case 130); att y, L. W. 

Y. city. Emile Berliner, app'n filed 

June 4, 77; att'y, Jas. L. Norris, Washington, D. C. Geo. B. 

Richmond, app’n filed Aug. 24, 77; att' y, Geo. W. Dyer, Washing - 
C. 


ton, D 
H. C. TOWNSEND, Ex’. 


Two copies. Mar. 26, 1878. P. W. P. Room No. 118. (No. 14.) 
( Interference.) 


1 Interference C—Patent 174,465. 


DEPARTMENT OF THE INTERIOR, 
Untrep Srates Patent OFFICE, — 
WasuineorTon, D. C., Mar. 26, 1878. 


Alex. G. Bell, care A. Pollok, present; also copy to Gardiner G. Hub- 
bard, Cambridge, Mass. : 


Please find below a copy of a communication from the examiner 
concerning your patent No. 174,465, dated Mar. 7, 76. 


Very respectfully, ELLIS SPEAR, 
— . Commissioner of Patents. 


Your case above referred to is adjudged to interfere with the 
plications named below, and the question of priority will be deter- 
mined in conformity with the rules accompanying this. The pre- 
liminary statement demanded by rule 53 must be sealed up and 
filed on or before the sixth day of May, 1878, with the subject of the 
invention and name of party filing it indorsed on the envelope. 
The subject-matter involved in the interference is, Ist, the trans- 
mitter, consisting of the combination in an electric circuit of a dia- 
phragm and a liquid or equivalent substance of high resistance 

whereby. the vibrations of the diaphragm cause variations in 

1977 the resistance of the electric circuit, and consequently in the 

5 — of current traversing said circuit. (Gray’s first 
claim. | 

This is described in the applications of Richmond and Edison and 
patent of Bell. 

2d. In a telegraph instrument operated by sound, the combina- 
tion with the diaphragm of two or more electrodes placed in electro- 
lytic liquid and operating to increase and decrease the resistance of 

1e electric circuit by the movement derived from the diaphragm. 
(Edison’s first claim) 

This is described in the applications of Richmond and Gray, and 
is substantially su in Bell’s patent. 

The parties to this interference are: Elisha Gray, Dec. 4, 77 (No. 
2); Baldwin, Hopkins & r* Washington, D. C., att ys of record. 
G. B. Richmond, app'n filed Aug. 24, 77; G. W. Dyer, Washington, 


. 
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D. C., att' y. T. A. Edison, app'n filed Sept. 5, 77 (case 144); L. W. 
Serrell, box 4689, New York city, att’y. 
H. C. TOWNSEND, Ez’r. 


Copy. Mar. 26, 1878. Room No. 118. (No. 14.) (Interference.) 
P. W. P. 


158 Patent 174, 465.— Interference E. 


DEPARTMENT OF THE INTERIOR, 
Unitep States Patent OFFICE, 
WasnINGTON, D. C., Mar. 26, 1878. 


Alex. G. Bell, care A. Pollok, present; copy to send Gardiner G. 
Hubbard, Cambridge, Mass.: 


Please find below a copy of a communication from the examiner 
concerning your patent No. 174,465, dated March 7, 76. 
Very respectfully, ELLIS SPEAR, 
Commissioner of Patents. 


1978 Your case above referred to is adjudged to interfere with 
the applications named below, and the question of priority 

will be determined in conformity with the rules accompenying this. 
The preliminary statement demanded by rule 53 must be sealed up 
and filed on or before the sixth day of May, 1878, with the subject 
of the invention and name of party filing it indorsed on the envelope. 
The subject-matter involved in the interference is in an acoustic 
telegraph, an armature plate, the electro-magnet for the same, and a . 
closed circuit passing from the helix of such electro-magnet to the 
source of undulatory electric energy. 

This is the subject-matter of Edison’s third claim, and is substan- ‘ 
— described in the other applications and the patent involved. 4 

The parties to this interference are: | 

T. A. Edison, app’n filed Dec. 12, 77 (case 145). 

L. W. Serrell, box 4689, N. Y. city, attorney. 

A. E. Dolbear, app'n filed Oct. 31, 77. 

F. L. Pope, Elizabeth, N. J., att’y of record, and Jas. L. Norris, 
Washington, D. C., associate. 

Geo. B. Richmond, app'n filed Aug. 24, 77. 

G. W. Dyer, „ D. C., att'y. 

Elisha Gray, app'n filed Dec. 4, 77 (No. 3). 
Baldwin, Hopkins & Peyton, Washington, D. C., att’ys. 

A. G. Holcombe, app'n filed Jan. 20, 78. 

M. G. Former, Torpedo station, Newport, R. I., att’y. 


H. C. TOWNSEND, Ex. 


‘ Copy sent — 26, 1878. I. S. R. Room No. 118. (No. 14) 
nterference. 5 
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Patent 174,465.— Interſerence F. 


DEPARTMENT OF THE INTERIOR, 
Unitep States Patent OFFICE, 
WasuHineTon, D. C., March 26, 1878. 


A. G. Bell, care A. Pollok, present; also copy to Gardiner G. Hub- 
bard, Cambridge, Mass.: 
Please find below a copy of a communication from the examiner 
concerning your patent No. 174,465, dated March 7, 76, “tele- 


graphy.” | 
Very respectfully, ELLIS SPEAR, 
Commissioner of Patents. 


Your case above referred to is adjudged to interfere with the ap- 
plications named below, and the —— of priority will be deter- 
mined in conformity with the rules accompanying this. The pre- 
liminary statement demanded by rule 53 must be sealed up and 
tiled on or before the sixth day of May, 1878, with the subject of the 
invention and name of party filing it indorsed on the envelope. 

The ‘subject-matter involved in the interference is a telephonic 
transmitter, consisting of a coil of wire, one or more magnets, and 
a disc or Say. on so arranged relative to each other that a 
motion of the diaphragm shall induce in the coil of wire an electric 
motive force in virture of the presence of the magnet or magnets. 

This is substantially Holcombe’s first claim, and is described and 
shown in applications of Dolbear and Gray and patent of Bell. 

The parties to this interference are: 

A. 9 Holcombe, app'n filed Jan. 28, 78. 

M. G. Farmer, To o station, Newport, R. I., attorney. 

A. E. Dolbear, app'n filed Oct. 31, 77; F. L. Pope, Elizabeth, N. J., 

att y, and J. L. Norris, Washington, D. C., associate. 
1980 Elisha Gray, app’n filed Oct. 29, 77 (No. 1); Baldwin Hop- 
kins & Peyton, Washington, D. C., att’ys. 
H. C. TOWNSEND, Er. 


Copy sent Mar. 26, 1878. L. S. R. Room No. 118. (No. 14.) (In- 
terference.) 


158 Jaterforenss G. 


DEPARTMENT OF THE INTERIOR, 
Unirep Srates Patent OFFICe, 
WasHinorTon, D. C., M’ch 26, 1878. 
A. G. Bell, care A. Pollok, present; also copy to Gardiner G. Hub- 
bard, Cambridge, Mass.: g 
Please find below a copy of a communication from the examiner 
concerning your patent for telegraphy No. 174,465, dated Mar. 7, 


1876. 
Very respectfully, ELLIS SPEAR, 
Commissioner of Patents. 


Your case above referred to is adjudged to interfere with applica- 


1979 Wy 


* 
Wir, rere 
. ‘ ' ; 2 5 : * * 3 5 


1938 


tions named below, and the question of priority will be determined 
in conformity with the rules oping, by this. The preliminary 
statement demanded by rule 53 must be sealed up and filed on or 
before the sixth day of May, 1878, with the subject of the invention 
and name of party filing it indorsed on the envelope. The subject- 
matter involved in the interference is a telephonic receiver consist- 
ing of a combination in an electric circuit of a magnet and a dia- 
phragm supported and arranged in close proximity thereto, 
1981 whereby sounds thrown upon the line may be reproduced 
accurately as to pitch and quality (substantially Gray's claim). 
This is substantially covered by Holcombe’s second claim, and is 
described or shown in the applications of Richmond, Dolbear, Edi- 
ison, and McDonough, and in patent of Bell. 


Parties to Interference. 


Elisha Gray, app'n filed Dec. 4, 1877 (No. 3); Baldwin, Hopkins 
& Peyton, Washington, D. C., att’ys of record. 

George B. Richmond, app’n filed Aug. 24, 1877; G. W. Dyer, 
Washington, D. C., att’y of record. 

A. E. Dolbear, “pn filed Oct. 31, 1877; F. L. Pope, Elizabeth, N. 
J., att’y of record ; J. L. Norris, Washington, D. C., asso. att’y. 

T. A. Edison, app’n filed Dec. 24, 1877 (No. 148); L. W. Serrell, 
box 4689, New York city, — of record. 

A. G. Holcombe, app’n filed Jan. 28, 1878; Moses G. Farmer, Tor- 
pedo station, Newport, R. I., att y of record. 

James W. McDonough, app'n filed Apr. 10, 1876; Gridley & Sher 
burne, Chicago, III., att’y of record. 

A. G. Bell, pat. No. 174,465, dated Mar. 7, 1876; A. Pollok, Wash- 


ington, D. C., att y of record. 
f H. C. TOWNSEND, Ez’r. 


Copy made Mar. 26, 1878. J. H. M. Room No. 118. (No. 14.) 
Interference.) 


19822 ‘AY. Interference H. 


DEPARTMENT OF THE INTERIOR, 
Unrrep States Patent OFFICE, 
Wasarinoton, D. C., M’ch 26, 1878. 


A. G. Bell, care of A. Pollok, present; also copy to Gardiner G. 
Hubbard, Cambridge, Mass. : : 
Please find below a copy of a communicatien from the examiner 

concerning your pat. No. 174,465, dated Mar. 7, 1876, “tel phy.“ 

ELLIS SPEAR, 


Very respectfully, 
| Commissioner of Patents. 


Your case above referred to is adjudged to interfere with applica- 
tions named below, and the question of priority will be determined 
in conformity with the rules accompanying this. The preliminary 
statement demanded by rule 53 must be sealed up filed on or 

before the 6th day of May, 1878, with the subject of the invention 
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and name of party filing it indorsed on the envelope. The subject- 
matter involved in the interference is the combination in one circuit 
of two or more coils of wire, two or more magnets, and two or more 
dises or diaph 8, so arranged relatively to each other that if one 
of the discs or diaphragms be put in motion by the voice, by a cur- 
rent of air or otherwise, it shall induce a transient current of elec- 
tricity in its associated coil, which current shall actuate the other 
discs or diaphragms in virtue of the coils and magnets associated 
with them. .(Holcombe’s third claim. 

This is described and shown in applications of Dolbear and Gray 
and patent of Bell. 


1983 Parties to Interference. 
A. G. Holcombe, app'n filed Jan. 28, 1878. 
Moses G. Farmer, orpedo station, N 4 * I., att y of record. 
Elisha Grey, n 112 0 Oet. 29, 1877 
Baldwin, H. ins & Peyton, Washi n, n C., att ys of — 


A. E. Dolbear, — get. 1 
F. L Pope, Elizabeth, N. J. a tt’y of record. 
J. L. Norris, Washington, 


D. C., asso. att’ 
3 Er. 


y. Mar. 25, 1878. P. W. P. Room No. 118. (No. 14.) Pat- 
ent 174,465. ( Interference.) 


W Interference L. 


DEPARTMENT OF THE INTERIOR, 
Urra Srates Patent Orricx, 
Wasnineoton, D. C., Mar. 26, 1878. 


Alex’r G. Bell, care A. Pollok, present; also copy to Gardiner G. 
Hubbard, Cambridge, Mass. : 


Please find below a copy of a communication um the examiner 
concerning your patent No. 174,465, dated Mar. 7, 76, tele- 


y.” 
Very respectfully, ELLIS SPEAR, 
Commissioner of Patents. 


1984 Your case above referred to is adjudged to interfere with 
the applications named below, and the question of priority 

+ be determined i in Conformity with the rules accompanying 
iminary statement demanded by rule 53 must ae = 


— — day of May, 1878, with the subject 


of the invention and name of party Ging filing it indorsed on the en- 


velope. The subject-matter invol 7 —— is— 

1st. The combination in an acoustic telegra ST alate ef | 
„ of a 2 
other material ble of inductive action, and a resonant tube or 
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2d. The combination in an acoustic telegraph of an armature 
plate polarized by induction, a resonant case or tube, and an electro- 
magnet and circuit connections, whereby reverse currents are caused 
to act in the electro-magnet with varying intensity proportionate to 
the electric waves sent from the transmitting station. (Edison’s 
second claim.) | 

This —— is described and shown in the applieations of 
Edison and Gray. i 

The parties to this interference are: T. A. Edison, app’n filed 
Dec. 13. 77 (case 145); L. W. Serrell, box 4689, N. V. city, att y of 
record. Elisha Gray, app n filed Jan. 17, 78; att’ys, Baldwin, Hop- 


kins & Peyton, Washington, D. C. 
H. C. TOWNSEND, Nr. 


Copied. Room No. 3. 


1985 DEPARTMENT OF THE INTERIOR, 
Unrrep States Patent OFFIce, 
Wasuineton, D. C., Dec 26, 1878. 


In re Interference BELL vs. Gray e al. 
St. hject- Matter, Telephony. 
Cases from A to L. 


A. G. Bell, care A. Pollok, present; Elisha Gray, care Baldwin. 
Hopkins & Peyton, present; A. G. Holcombe, care M. G. Farmer, 
Torpedo station, 1 I.; Amos E. Dolbear, care Jas. L. 
Norris, —— Geo. B. Richmond, care Geo. W. Wer present; 
Emile Berliner, care A. Pollok, present; Thos. A. Edison, care L. 
W. Serrell, P. O. box 4689, N. Y. city; Jas. W. McDonough, care 


Gridley & Sherburne, Chicago, III.: 


The motion made on behalf of Bell to dissolve and reſorm these 


interſerences is denied by the primary examiner. 
In the absence of any — from this decision within one week 


from date these cases will be returned to the examiner of interfer- 
ences and proceedings looking to the determination of the question 


of priority will be resumed. 
H. C. TOWNSEND, Eyr. 
Copied. Room No. 118. z 
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1986 DEPARTMENT OF THE INTERIOR, 
a Unrrep Sratzs Patent Orricx, 
Wasuineron, D. C., Dee. 30, 1878. 


In re Interference Bexx vs. Gray 4 al. 
Subject- Matter, Telephony. 
r 


W. Serrell, F. G. box: 4689, N. 8 


The limit of . 
upon — — 
C. TOWNSEND, Nr. 
Memorandum of Fee Paid at U S. Patent Office. 
Inventor, 
A. d. Bell. 
Patent to be issued to 
Invention, 
Telegraphy- 
Date of payment, 
1987 Mech 4th, 76. 
Final 
Fee, 
ee. 
Pollock & Bailey 
0 ’ 
‘Present. 
1876. Wilber. ¥3/ 
No. 174,465. 
ALEXANDER GraHa™ BELL, of Salem, county of ——, State of Mass. 
Telegraphy. 
Rec d Feb. 14, 1876. 
Petition, a 
— 2 8 7 
1 drawing, 2 sheets, 1 8 
— not required. 


1 cash, 2 15 . ae 
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Add’! fee cert. 
4 „ cash, $20. M’ch 4, 1876. 
Examined March 3d, 1874. Wilber. 
2 issue March 3, 76. Knight, M. 
4 patented M’ch 7, 1876. 
Circular M’ch 3, 1876. 


1988 } 1876. 
Contents. 


pplication, 1 
1 Letter, Feb b. 19, 1876. 
a A — protest, ees 24, 1876. 
ce letter, 25, 

. Amend'ts. A. C., Feb. 29, 1875. 

5 Briefed March 3d, 1876. 

6 Int'f. x , at 17 W, 14°, . 

7 Int’. K * 

— X we 

nt' f. 7 5, 1%, W. » 4 
10 ra . ity . W. *. 

11 Int'f. 7 115, Ve, » ° 
12 Int'f. , W. . 5. — 
— Int f. x , W 
1 


EE 


Title. 
Improvement in Telegraphy. 
Ex.: J. A. W. M. McK. 


CoMPLAINANTs’ ExRHIRTr No. 26. 


POLLOK & BAILEY, Present. 


Mar. 26, 1878. 
Mar. 26, 1878. 
Mar. 26, 1878. 
Mar. 26, 1878. 
Mar. 26, 1878. 
Mar. 26, 1878. 
Mar. 26, 1878. 
Mar. 26, 1878. 


Bells Single- Pole Centennial Membrane Telephone. 


(Sectional view.) 
(Record, page 163.) 


a» 
=f 
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1989 Complainants! Exhibit No. 28, Bells Single-Pole Centennial 


(Record, page 163.) 


te 
| Dimensions : 
14 wmnnnaaeile 51 inches. 
Diameter of membrane 3 * 
„„ 3 
| — ——————ů— M p 3 


Complainants’ Exhibit No. 27, Bell’s Double- Pole Centennial Membrane 


: | (Record, page 163.) 


Dimensions: , 
1111001 ——————ꝛů —— 43 inches. 
Diameter of membrane- --_-.......---- --..---.--..- 3 N 
J .... wtiieichitladiiiadigiaanitid — = 
Diameter of spools——— —— 
1990 Complainants’ Exhibit No. 28, Centennial Iron Box Magne 
* 
* 


Dimensions: 


Length of tube 
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Complainants’ Exhibit No. 29, Bell’s Centennial Liquid Transmitter. 
(Record, page 163.) 


Dimensions: 
Diameter of membrane - win 3 inches. 
Diameter of cup------------------ ------ ----------- a 
— . — — —ä owen nnn cence cone 8 
Length of cone - — 6 1 
1991 Complainants’ Exhibit ~ — Memoranda of Experiments of 
(Record, page 167. 


June 30, 1876. 
Returned from Philadelphia Exhibition last Monday. 


Two magnets, B and C, have been made for experiments upon 
real lines. The resistance of B is 1,650 ohms, and C has a resistance 
of 1,600 ohms. A is ordinary telephone. The membrane has a 
small piece of very thin sheet iron (tagger’s iron), attached to it. Z 
is a flat disk of tagger’s iron. 

I tried the instruments this morning with four carbon cells. I 
could not obtain any indications of attraction. Upon placing my 
ear at Z, however, I could hear a click when the circuit was broken. 

When Wilson sang into A, I could hear the sound of the voice at Z. 


Upon breaking the circuit at C the sounds were inaudible at Z. 


1 


a 


. 
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No sounds were heard at Z when a wire connected e and f. The 
sounds of Eddie Wilson’s voice were reproduced by Z when there 
was only one cell on the circuit. This is most extraordinary, espe- 
ceially when we consider that the resistance of the magnets alone is 
equivalent to 3,250 ohms, or 320 miles of well-insulated telegraph 
wire. It is probable that the sounds proceed from Z when no bat- 
tery is on the circuit, and that the inductive power of d, acting upon 
the residual magnetism of B, creates an undulatory current in C. I s 
fancied I could hear faint sounds from Z when no battery was on 
the circuit, but other noises were loud, and, besides, I could: hear 
Eddie’s voice 2 the air, although very faintly. 
2. When Eddie Wilson sang to Z faint sounds were audible from 
A. Four cells on cireuit. 


1992 a Jury 3p, 1876. 


1. Williams made magnet for me like that shown in Fig. 1. 

The resistance of the coil is 1,800 ohms. 

2. The instrument shown in Fig. 1. was con- 
nected upon circuit with a telephone, as in Fig. 
2, and resistance inserted, as at R, Fig. 2. 
Four cells of a carbon and bichromate battery 
were employed. As the total resistance of the 
circuit was equivalent to 10,450 ohms, the bat- 
.tery had an inappreciable effect upon the mag- 
netism of M. The steel-spring armature a was 


a “eae ** 2 7 7 8 N * 4 W ole x : q 24 
AE RE ONE ELT ²˙˙V — 


Fie. 1. 


not sensibly attracted by M, and yet sounds uttered into T were 
Fie. 2. 


7000 G 


— 
* 
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heard proceeding — from a of M. The sounds were inaudible 
from a when a piece of copper wire was laid from 6 to e. 


Noted by A. G. B., July 3d, 1876. 


Tnunsbar, July 6th, 1876. 


: 1. Instruments arranged as in Fig. 2, 17 36 of print 
battery power gradual] — to oné cell 4 22 8 
ö The sound emitted by a of M was little inferior in loudness 
1 that heard when four cells were employed. It seems extraordinary 
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that the vibration of alittle piece of iron weighing a few grains 
1993 should cause an audible sound upon a circuit of 10,450 ohms 
resistance with only one cell of battery. Fie. 3 ! 
There can be no doubt that the sounds are ims 
electrically produced, although Edward Wil- 
| son’s voice could be heard through the air 
also; for when Edward Wilson prolonged his 
| sounds they were audible throug the air, so 
= . Butupon listening at A the sound 
5 was broken up so —— — — — — —---- 
| when the magnet M was cut off from the cir- 
| cuit by tapping with the wire ö c upon the 

int ö. 

2. The battery was entirely removed from 
the circuit, and the rheostat (R, Fig. 2, page 
17) disconnected. 

When E. Wilson sang into T the sounds 
were audible from a of M. 


Fripay, July 7th, 1876. 


5. A third rheostat (the largest in the store, 
— a total resistance of 21,100 ohms) 
was introduced into the circuit, so that the 
total resistance interposed at R was 37,310 
ohms. The sounds proceeding from Z were 

rfectly plain, and were very slightly dimin- 
ished in intensity. The difference in inten- 
sity, however, was very marked when the cut- 
off a 6 was used. Nosound was audible when 
the cut-off bc was employed. (See Fig. 2.) 
Total resistance of circuit equals 40,760 ohins. 

6. No further resistance being obtainable,. 
it was decided to reduce the battery power. 

The battery was reduced from ten cells to 
one cell, and still sounds were audible from 
Z (Fig. 2) very slightly fainter than when 10 

cells were employed. 
1994 7. Upon removing the battery alto- 
ther, as in Fig. 3, sounds were still 
perfectly audible from Z. No sounds were 
audible from M when— 
a) The armature Z was removed; 
© When the circuit was broken ; 


c) Or when the cut-off a 6 was employed. 
he sounds were much Jouder when the cut- 
off c d was used, so as to cut out the resistance. 
All these facts convinced me and Mr. Wat- 
son that the sounds audible at Z were electric- 
ay produced, and were not merely inechan- 
ically conducted along the wire. And yet it seems almost too mar- 
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vellous for belief that the vibration of a little piece of thin iron, S, 
weighing only a few grains, should induce electrical undulations upon 
a circuit of 40,760 ohms resistance (a greater resistance than from 
here to England) so as to have the vibration reproduced at Z. After 
such an experiment as the above, I feel confident that we shall be 
able to transmit vocal sounds throngh the cable, and this, too, with- 
out a battery. 


Tuxspay, July 11th, 1876. 

Tried improved apparatus at Williams’ to-day with great suc- 

cess. * — varying the shape of the armature attached to the 
membrane. 


* 


S is the armature with which I have hitherto experimented. It 
was attached to the membrane M. S'! is the new armature, consist- 
ing of a disk of thin rs iron almost as large as the membrane 
Mi, to which it was attached 

Two instruments were arranged, one with the armature 8, the 
other with the armature S', and the audible effects compared. 

They were alternately arranged upon circuit with the receiver M, 
as shown in figure 2 (page 22). The transmitters were in the attic 

of Mr. Williams’ building and the receiver M in the basement. 
1995 Ten cells of a carbon battery were employed, and artificial 

resistance, R, to the amount of 16,210 ohms, introduced into 
the circuit. When the instrument having the armature S’ (figure 
1, 21) was used, the sounds proceeding from 2 (figure 2, 
22) were immensely louder than when the instrument with 
armature S was employed. 

2. When the armature S’ was used conversation in an ordinary 
tone of voice was perfectly audible at the receiving instrument. 
Indeed, the softer the initial articulation the more distinct was the 
utterance at the other end of the line. 

When the initial utterance was loud the final articulation was 


also loud, but indistinct ; and when the voice at the transmitting — 


end was raised scarcely above a whisper the sounds at the receiving 
end were very faint, but were perfectly distinct. The total resist- 
ance of circuit was 19,660 ohms. 

Noted by A. G. B. 
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1. Try the effect (a) of varying the size of the armature attached 
to the membrane. 
(6) Vary the mass; use thick pieces of iron at- 
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4 tached to a sounding-board. 
me (c) Use small electro-magnets as the armatures 
=e attached to sounding-board. 
an 3 (d) Vibrate the electro-magnet instead of the 
ae 6 —— 1 . i 
14 e) Have arrangement similar to Siemen's - 
a8 ized relay. See Fig. 1. 
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P. Permanent magnet; A. Armature attached to the membrane 
M; E E. Eleetro- magnet; d d. Double ear-trumpets. 


Fid. 2. 
Side View of Armature and Membrane. 


PN. Permanent magnet. 
m. Membrane. 
a. Armature. 
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Fra. 8. 
Side View of Proposed Armature without Membrane. 


PN. Permanent magnet. | 7 

A. Armature arranged in bed (B) similar 
to a free reed. 

E. One of — sa of the electro- magnet 
emploved. 


1997 Another Form of Polarized Armature without any Membrane 
(side view.) : 


i. Tagger’s iron. 

r. Rim of soft iron. 

PN. Permanet magnet. 
e. Pole of electro-magnet. 


— 
Plan of Instrument Shown in Fig. 4. 
Fie. 6. ä 


P P. Pole of permanent 


E. Poles of electro- magnet. 

c. Metallic casing enclosing 
the whole instrument. 

is — 7; tubes. 

Flexible piping. 

d. Double 3 
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means of his hands. 
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The lettering is the same in Figs. 4, 5, 6. 
Noted, A. G. B., July 12, 76. 


Mona, Oct. 2d, 1876. 


Upon reading a ſew of the records in the second volume of my 
electrical experiments I was struck by an R — made July 
110 27), which I had quite forgotten. hy we have relin- 

uished the improved form of armature shown in Fig 1, 27 
(2d vol.), I cannot think; shall repeat the experiment. It will be 
a good plan to repeat all the earlier experiments with the improved 
receivers we now have. 

Noted Oct. 14, 1876, by A. G. B. 


Oct. 2 to Oct. 71H, 1876. 


The experiments have been irregularly conducted during this 
week, and have not been noted in consequence of omission to pro- 
cure a new book. We are convinced of the very t importance 
of noting every experiment at the time it is made, as the remem- 
brance so soon fades away. A number of experiments made during 
the last few days have been forgotten. 

Experiment referred to above (Monday, Oct. 2) was tried during 

the week. The large armature was found to be infinitely 
1999 superior to the small one employed. A large disk of thin 

was glued 

to the membrane M, Fie. 1. 
and Mr. Watson spoke D D 
with his mouth almost & eepeey 
in contact with D, con- 0 
densing his breath by 


I listened at D’. The 
articulation was much hfe, 
more distinct than any 


heard yet. I then spoke with my mouth against D’, and Mr. Wat- 


— 
Ir by 


ev — 


— — <-> 


— eon — 
a — 2 


— 
— 


5 
O * „ 


2 
** 
— 4 
. 


Rie ee > 


: _~- 
— — ee eee 


. 


Ar Ay 


— — 


— K — 2 2 


— 


1951 


son listened at D, and the articulation was intelligible. We then 
held the following conversation. I think this was on Saturday, the 
7th of October : 


Ber. To Watson.—If you understand what I say, say something 
to me. 

Watson To BxLI.—It is — the best I ever saw. 

BELL To WatTson.—It is the best I ever heard. 

Watson To BELL.—Success at last has (attended) our efforts. 

BELL To WaTson.— 


Let us then be up and doing, 
With a heart for any fate, 


Still untiri ll ing, 
Lanna to Eber and to walt.” 
Noted by A. G. B., Oct. 14, 1876. 


Tuurspay, Ocr. 12, to Sunpay, Nov. 12. 


Systematic notation of experiments during this month has been 
almost impossible on account of many circumstances, specially be- 
cause I have been out of town, in the evening at Cambridge and at 
Bradford, and have been professionally engaged during the day. 
Mr. Watson’s absence in Philadelphia for one week, and subsequent 
illness from typhoid fever, interrupted experiments, and what little 
time I could spare from professional duties latterly have been de- 
voted to writing a specification of a patent to send to England. I 
shall note — now the principal experiments made during the 

month: n 
2000 1. The success of enlarging the steel armature of the tele- 
hone (see page 5) led 
— to — of er rey Fie. 2. 
the membrane altogether. 
disk of thin steel. A (Fig. 2), Al SU 
about six inches in diameter * 


= fastened in — of the 35. 

ectro- magnet e. speakin — 

to A the articulation was h Wy . 
from Z much more distinctly ) 

than we had heard before. 


2. The following facts have been conclusively proved by our ex- 
periments with the form of apparatus shown in Fig 2, page 5: 

4. That the sounds audible from the receiving instrument are 
loudest when the speaker condenses the air against membrane by 
means of his hand. 

2. That the sounds from the receiving instrument are most dis- 
tict when the er speaks against the same side of the membrane 
on which the magnet is placed. 

3. That the articulation is most distinct when the membrane is 
omitted and a simple plate of steel is used as in Fig. 2, page 15. 

4. That the audibility of the sounds depends upon the resistance 


— * 
* * — 


has been erected connecting 

circuit, at the office of Messrs. & Stearns, electricians, No. 

Pearl St., on Friday morning, the 10th of f. ovember. Mr. Green- 

ough and Mr. ——,, of the Boston Gas Works, as well as Mr. George 

were present at the Pearl-St. end of the line. The instrument used 
were those shown in Fig. 3. 7 . 

2001 4. Instruments shown in Fig. 3 were constructed somewhere 
about the 19th or 20th of Fre. . 7 

October, before Mr. Watson left 2 


agnet 
B, of wood. The front of the box 
was then cut away, and a sheet of 
thin steel A screwed on to it by 
screws, ss 3s. A hole, H, was 
a box . 
purpose of speaking into. 0 
instruments were made “Tie 4 
ranged upon circuit as in Fig. 
Upon speaking into the hole H, Fig. 3, the voice was heard very 
loudly. the other telephone, but indistinctly. 


Upon placing the mouth against the plate A and ing the 
sounds became perfectly distinct from the other telephone. pon 
condensing the air against the armature A, by means of the hand, 
the utterance was perfectly distinct and quite as loud as when we 
spoke into the hole H. 

When we blew against A, Fig. 4, the sound was audible at Z. 


Noted, A. G. B., Sunday, Nov, 12, 1876. 
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2002 Complainants’ Exhibit No. 31, Bell’s Permanent Magnet of 1876. 
(Record, page 168.) 


— 277 ——— —— 
2 cane cane ccc connenipenintnbeteiademmials — + 
. p ů˖ — a 
. ieaialiiariest AMT 
(Record, pages 169 and 197.) 


Electric Telephony. 
Letters patent to William Morgan-Brown, of the firm of Brandon 
and ——— engineers and oe ts, of 38 Southamp- 
ings, tte 


ton Buil London, and 1 Rue „Paris, for the invention 
of “Improvements in electric telephony (transmitting or causi 
sounds for telegraphing messages) and telephonic apparatus.” 
communication from abroad, by Alexander Graham Bell, of the 
University of Boston, Massachusetts, United States of America, 
professor of vocal physiology. 

Sealed the 15th May, 1877, and dated the 9th December, 1876. 


(Here follow diagrams marked pp. 2003, 2004, 2005, and 2006.) 


2007 - Provisional specification left by the said William Morgan- 
Brown at the office of the Commissioner of Patents on the 
9th December, 1876. 


A. D. 1876, 9th December. No. 4765. 


William Morgan-Brown, of the firm of Brandon and Morgan-Brown, 
engineers and patent agents, of 38 Southampton Buildings, Lon- 
don, and 1 Rue Lafitte, Paris. “Improvements in electric te- 
lephony (transmitting or causing sounds for telegraphing mes- 
sages) and telephonic apparatus.” 

In all previous systems of telegraphy m have been received 
produced by the action of the 
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electrical current, as in the various forms of automatic and auto- 
graphical telegraphs, or by means of the mechanical movement of a 
portion of the receiving instrument operating to produce a visible 
signal, as in needle telegraphs, a mark upon paper or other material, 
as in printing telegraphs, or a sound, as in the Morse system. Upon 
these and all other — it has been found difficult, if not impossi- 
ble, to distinguish between more than four messages transmitted 
simul y over the same circuit, two in each direction. 

This present invention relates to by the reproduction the necés- 
sary receiving instruments of any particular sounds or combination 
of sounds through the agency of an electric current, whereby a mul- 
tiplicity of telegraphic messages may be sent simultaneously over a 
single circuit in the same or in opposite directions and received with- 
out confusion, and whereby articulate speech may be electrically 
transmitted. 

The first part of the invention relates to the production or trans- 
mission of musical notes by means of intermittent im pulses of voltaic 
electricity, and to the utilization of such musical notes as telegraphic 

i whereby two or more telegraphic messages oon Se teak 
simultaneously in the same direction over a single circuit. 

The second part of the invention relates to the production or 
transmission of musical notes by means of intermittent impulses of 
induced electricity, whereby two or more telegraphic signal or mes- 

can be sent simultaneously over a single circuit in the same 
or in opposite directions. 
2008 The third part of the invention relates to the production 
or transmission of musical notes by means of undulatory 
currents of electricity, one battery being used for the whole circuit, 
whereby two or more telegraphic signals or messages can be trans- 
mitted simultaneously over a single circuit in the same or in oppo- 
site directions. 

The fourth part of the invention relates to the electrical produc- 
tion or transmission of sounds of every kind by means of undulatory 
currents of electricity, whereby not only musical sounds but articu- 
late speech can be transmitted over a telegraph line, and two or 
more messages be simultaneously sent over a single circuit in the 
same or in opposite directions. 

The fifth part of the invention relates to the electrical production 
or transmission of sounds of every kind, without a battery, by 
means of undulatory currents of electricity, whereby not only the 
musical notes but articulate speech can be transmitted over a tele- 
graph line, and two or more messages be sent simultaneously over 
a single circuit in the same or in opposite directions. 

The sixth part of the invention relates to the automatic reception 
of signals or messages by introducing at the receiving end of the 
line a local circuit containing a vibratory circuit breaker, whereby 
telephonic signals or messages may be automatically recorded. 

The seventh part of the invention relates to the application of 
electric telephony to autograhic telegraphy, whereby — or 
marks of any description may be copied in fac-simile at the receiv- 
ing end of the line. : 
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First Plan. 


The first part of the invention (illustrated in figures 1 and 2 or 
sheet 1 and figures 3, 4. and 5 of sheet 2) consists of a method of 
and 9 — for transmitting two or more telegraphic messages or 
signals simultaneously along a —_ wire by the employment of 
transmitting instruments, each of which occasions a succession of 
electrical impulses differing in rate from the others, and of receiv- 
ing instruments, each tuned to a pitch at which it will be put in 
vibration to produce its fundumental note by one only of the trans- 
mitting instruments. 
The transmitting instrument T (figure 1) consists of an 
2009 electro-magnet, e, having a steel spring armature, a, which is 
kept in continuous vibration by the action of a local battery, 
3. The armature a in the course of its vibration brings the platinum 
rivet r alternately into contact with two platinum points, I and m, 
one, I, being placed in a local circuit 6 s#*elrs band the other, 
m, communicating with the line wire W through the screw cap . 

The receiving instrument R, shown in plan in figure 1 and in 
elevation in figure 2, consists of an electro-magnet, E, having a coil 
— only one of its legs. A steel spring armature, A, is firmly 
clamped by one extremity to the uncovered leg of the electro- 

E, and its free end is allowed to project above the pole of the cov- 
ered leg. Upon depressing the key K (figure 1) a communication is 
established between the main battery B and the vibrating armature 
a of the transmitter T. When the rivet r touches the point M the 
main circuit is completed, the currents of z to the ground at 
G, and the currents of e passed through K s r m i to the line 
wire W, and thence through the electro-magnet E of the receiver R 
to the ground at G'. When the rivet r leaves the point m the main 
circuit is broken. So long then as the key K is depressed the 
vibration of a occasions an intermittent action of the current from 
the battery B upon the line wire W, and the armatare A of the 
receiver R is attracted in an intermittent manner by its electro- 
magnet E. 

hen the makes and breaks of the circuit at m r are timed to 
the normal movements of the armature A of the receiving instru- 
ment—that is, when A is tuned to vield the same musical pitch as 
the armature a of the transmitting instrument—then the armature A 
is —— into strong vibration, thereby causing it to emit its musi- 
cal note. 

When the key K is raised the communication between the main 
battery B and the transmitter T is cut off and A becomes silent. So 
long as the key K is depressed a musical note is emitted by A, and 
the duration of this note can be made to signify the dot or dash of 
the Morse alphabet. Thus a — despatch can be sent from 
T to R by manipulating the key K in the usual manner. 

Figures 3, 4, and 5, sheet 2, illustrate the combination of these 

instruments upon a telegraphic circuit, so as to permit of the 
2010 simultaneous transmission of a number of telegraphic mes- 
sages along a single wire. 
51—1047 
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The armatures of the transmitters and receivers that are num- 
bered alike at all the stations have the same pitch. Thus the trans- 
mitter P of figure 3 is the unison of the transmitter Nat the station 
represented in figure 4, and also of the receiver N' at the stations 
shown in figures 3, 4, and 5. f 

The sounds produced by the transmitters T ITI IX, etc,, differ in 
pitch from one another, and are so arranged that each transmitter 
can effect one and one only of the receiving instruments R RI R., 
etc., at each station upon the line. 

To illustrate the operation of this form of the invention dépress 
any key, say key K., figure 3, a communication being thereby es- 
tablished between the main battery B and the transmitting instru- 
ment T. An intermittent current on to the main line through 
the receiving instruments R RI R“, etc., of figures 3, 4, and 5, to 
the earth at G, figure 5. The receiving instruments Rl, figures 3, 
4, and 5, respond so long as the key K., figure 3, is depressed, and 
become silent the moment it is raised. The other instruments, R 
R, etc., at stations figures, 3, 4, and 5, remain silent, so that a tele- 
graphic message transmitted by the manipulation key KI, figure 3, 
is received upon only by its corresponding receiving instrument at 
each station toward that station herein shown as figure 5, where the 
receiving instruments are connected directly with the earth. 

The instruments shown in figure 4 operate as just described for 
those of figure 3, the depression of each key K, K, or K“, etc., oper- 
ating those receiving instruments in stations 4 and 5 that are in 
unison with the transmitting instrument connected with the key, 
but does not affect the instruments in figure 3, or in that direvtion. 

To illustrate the simultaneous transmission of telegraphic mes- 
sages by these instruments, an operator in the station, shown in 
figure 3, is supposed to manipulate the key K, while at the same 
time another operator in station figure 4 is transmitting an entirel 
different despatch by the manipulation of the key KI. The signals 
produced by the depression of key K, figure 3, are received by the 
re eivers R of figures 3, 4, and 5, and the signals due to the manipu- 

lation of the key K, figure 4, affect the receiving instrument R. 
2011 of figures 4 and 5, but not Ri of figure 3, or of any station in 

the direction of figure 3, hence, although upon this plan two 
or more messages may be sent simultaneously over the same circuit 
from the same or different stations to the same or different stations, 
still, as the signals pass only in one direction, two line wires are re- 
quired to complete communication in both directions. -Intermittent 
currents adapted to work these instruments may be produced with- 
out actually making and breaking the circuit, as hereinbefore de- 
scribed, by suddenly increasing and diminishing the intensity of 
the current. Such currents are termed, for the sake of distinction, 
“ puisatory.” Intermittent and pulsatory currents may be of two 
kinds, accordingly as the electrical impulses have all the same 
polarity, or are alternately positive and negative ; in the former case 
they are termed “ direct,” in the latter “ reversed” currents. These 
distinctions are graphically illustrated in figures 6 and 7. 
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Second Plan. 


In order to secure communication in both directions upon a single 
circuit the second portion of this invention was devised, and it is 
illustrated in figures 8, 9, and 10. In these figures the instruments 
employed are similar to those shown in figures 1, 2, 3, 4, and 5, and 
like instruments are denoted by like letters, but instead of connect- 
ing the transmitting instruments T T' N, etc., directly with the 
receiving instruments R RI RV, etc., as in res 3, 4, etc., they are 
connected with the primary wires of an induction coil, I, of usual 
construction, and the currents induced in the secondary wires of the 
coil are directed to the receiving instruments R RN N, etc., on the 
line wire. By this arrangement the receiving instruments at the 
terminal stations figures 8 and 10 are connected directly with the 
earth at G, and signals made at any one station appear at all the 
stations on the circuit. On this plan, therefore, two or more mes- . 
sages may be sent simultaneously over a single circuit in the same 
or in opposite directions. 

Third Plan. : 
In the methods heretofore described employing intermittent cur- 
rents of electricity the limit to the number of signals that can 
2012 be sent simultaneously over the same wire is very speedily 
reached ; for when a number of transmitting instruments 
having different rates of vibration are simultaneously making and 
breaking the samecircuit the effect upon the main line is practically 
equivalent to one continuous current; in addition to this objection 
local and main batteries are required at every station on the line. 
Similar difficulties are experienced in employing pulsatory currents; 
to obviate these difficulties the plan of using an undulatory cur- 
rent of electricity as described in this third part of the invention 
was devised. 

It has long been known that when a permanent magnet is caused 
to approach the pole of an electro-magnet a current of electricity is 
induced in ＋ coils of — latter, * — when it is made > recede 
a current o ite polarity to the first appears upon the wire. 
When, 3 — magnet is caused to vibrate in front 
af the pole of an electro- magnet, an undulatory current of electricit 
is induced in the coils of the electro- magnet, the undulations of whi 
co nd in rapidity of succession to the vibrations of the magnet, 
in polarity to the direction of its motion, and in intensity tothe am- 
plitude of its vibration, or rather to the velocity of its motion. A 
current of this character is graphically represented in line 3, figure 
7, sheet 1. When the erga magnet is caused to vibrate in 
front of the pole of an electro-magnet which is placed in circuit with 
a voltaic battery the undulatory current induced by the vibration 
of the permanent magnet is superposed upon the voltaic current. 
When the induced impulse is of similar polarity to the voltaic cur- 
rent it serves to strengthen the intensity of the latter, but when it 
is of opposite polarity it tends to neutralize the voltaic current. In 
such an arrangement the resultant effect of the vibration of the per- 
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manent magnet is to throw the battery current into waves, as in 
line 3, figure 6, by alternately increasing and diminishing the in- 
tensity of the current. Such increase and diminution of the intensity 
of the current does not take place with the suddenness character- 
ristic of a pulsatory current (see line 2, figure 6), but is proportional 
to the increase and diminution of the density of the air during the 
vibration of the inducing body. 

The various kinds of electrical currents, denominated intermittent, 

ulsatory, and undulatory, are graphically represented in 

2013 res 6 and 7. In figure 6 the currents are direct; that is, 

the electrical impulses & * N, etc., are all of the same polar- 

ity, either positive or negative; and in figure 7 the currents are 

“ reversed ;” that is, the electrical impulses are alternately positive 
and negative. 

Direct intermittent current (shown in line 1, figure 6.)— The im- 
pulses 5? U, etc., are all of positive or all of negative electricity, and 
the vertical thickness of the lines 5* , etc., measured from the zero 
line 2 z', represents the intensity of the current at the part observed. 
The horizontal extension of the line ö“ indicates the duration of the 
electrical impulse, and the horizontal extension of the space f* shows 


the length of time the current is absent from the circuit. 


Reversed intermittent current (shown in line 1, figure 7).—Im- 
pulses of positive electricity are represented above an —— of 
negative electricity below the zero line 2 21 and the impulses & & 
are respectively positive and negative, or vice versa. 

Direct pulsatory current (shown in line 2, figure 6).—The current 
of electricity represented is continuous, but it changes suddenly in 
intensity, the elevations 6? 6*, etc., indicating the impulses of maxi- 
mum intensity, and the depressions c ci, etc., the impulses of mini- 
mum intensity. As before, the vertical thickness of the line indi- 
cates the strength of the current. 

Reversed pulsatory current (shown in line 2, figure 7)— The im- 
pulses & d' are alternately positive and negative without any break 
in the continuity of the current. | 

Direct undulatory current (shown in line 3, figure 6).—As before, 
the vertical thickness of the line represents the strength of the cur- 
rent, the elevations 5“ &, etc., express the impulses of maximum 
intensity, and c* c’, etc., those of minimum intensity. The 
of intensity, as illustrated in line 3, do not occur with the sudden- 
ness characteristic of pulsatory currents, as shown in line 2, but are 
proportional to the changes in the density of the air during the pro- 
duction of a sound. 

Reversed undulatory current re in line 3, figure 7).—The ele- 
vations 6* 6°, etc., indicate impulses of positive and the depressions 
d@ d impulses of negative electricity, the vertical thickness of the 

portions & d' indicating the intensity of the positive or nega- 
2014 tive impulse at the part observed. The oscillations of 

current above and below the zero line correspond to the in- 
crease and diminution of the density of the air during the produc- 
tion of a sound ; hence the elevations 6* &, etc., correspond to con- 
densations of air, and the depressions d' &, etc., to rarefactions, the 
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intensity of the positive or negative impulses being proportioned to 
the degree of density or rarity of the air. 

The differences between intermittent, —— and undulatory 
currents will be more clearly understood by describing and illustrat- 
ing the condition of the electrical current when the attempt is made 
to transmit two musical notes simultaneously, first upon one plan 
and then upon the others; let the interval between the two sounds 
be a major third, then their rates of vibration are in the ratio of 4 
to 5. Now, when an intermittent current is used, the circuit is 
made and broken 4 times by the armature a, figure 11, sheet 1, of 
one transmitting instrument in the same time that 5 makes and 
breaks are caused by the armature a! of the other transmitting in- 
strument. A“ and F, figure 11, represent the intermittent currents 
produced, four impulses of B. being made in the same time as five 
impulses of A*; & , etc., figure 11, show where and for how long 
atime the circuit is made, and f? f?, etc., indicate the duration of 
the breaks of the circuit. The line A*+ B* shows the total effect 
upon the current when the armatures a al, figures 11, are caused 
simultaneously to make and break the same circuit, and the com- 
bined effect upon the current passing through the receiver R, shown 
at A + F, figure 11, is very nearly equivalent to a continuous cur- 
rent. 

When many transmitting instruments of different rates of vibra- 
tion are simultaneously making and breaking the same circuit the 
current upon the main line becomes for all practical purposes con- 
tinuous. 

When the armatures a a! are arranged upon circuit, as shown in 
figure 12, pulsatory currents traverse the coils of the receiving in- 
strument R. The line A“ represents the pulsatory current due to 
the action of one armature, a; and the line B*, the action due to the 
other armature, al; 5? , etc., represent impulses of maximum in- 
tensity ; and ¢ c’, etc., impulses of minimum intensity. Four im- 

pulses of F are made in the same time as five impulses of A“, 
2015 and the line A* + B' represents the total effect upon the cur- 

rent passing through the coils of the receiver R, when the 
armatures a and di are caused to vibrate simultaneously. This 
effect is nearly equivalent to a continuous current of minimum in- 
tensity. 

Next, consider the effect when undulatory currents are employed. 
Electrical undulations induced by the vibration of a body, M, figure 
13, capable of inductive action, can be represented graphically by 
the same sinusoidal curve which expresses the vibration of the in- 
ducing body itself, for, as above stated, the rate of oscillation in the 
electrical current is the same as that of the inducing body. The in- 
tensity of each induced impulse is —— — to the velocity of the 
motion of the inducing body, and the polarity of each induced im- 
pulse depends upon the direction of the motion of the inducing body 
to or from the pole of its electro-magnet. The sinusoidal curves A* 
and F., figure 13, represent graphically the electrical undulations 
induced in a circuit by the vibration of permanent magnets M and 
Mi, or other bodies capable of inductive action. 
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The portions 6* 6*, etc., represent impulses of — — id 
and d &, etc., impulses of negative electricity. The horizontal line 
21 represents the zero of current, and the vertical distance of any 
portion of the curve h or d from the zero line expresses the intensity 
of the positive or negative impulse at the part observed. 

The vibrations represented by the sinusoidal curves B' and A“, 

re 13, are in the ratio aforesaid of four or five—that is, four 
oscillations of are made in the same time as five oscillations of 
A“. 

The combined effect of A* and B* when induced simultaneously 
on the same circuit is expressed by the curve A + F., figure 13, 
which is the algebraical sum of the sinusoidal curves A“ and F. In 
figure 14 the permanent magnets M and Mi are caused to vibrate in 
front of the poles of electro-magnets e el, placed in circuit with a 
battery, B. such an arrangement the battery current is thrown 
into waves. The lines A* B* represent the undulatory currents 
produced respectively by the vibrations of M and Mi, and as in the 
instances four impulses of B* are made in the same time as five im- 
pulses of A“, the elevations 55 indicate impulses of maximum 

intensity, and the depressions c“, etc., impulses of minimum 

2016 intensity. The vertical distance of any portion of the curve 

* from the zero line 21 2 expresses. the intensity of the 
current at the part observed. The line A* + B* expresses the re- 

sultant effect upon the current when the permanent magnets M M. 
are caused to simultaneously vibrate. The curves A* + PF, figures 
13 and 14, also indicate the actual motion of the air when the two 

ets M Mi are vibrated simultaneously. Thus, when electrical 
undulations of different rates are simultaneously produced upon the 
same circuit the effect is exactly analogous to that somelenlt he the 
air by the vibration of the inducing bodies; hence the coexistence 
upon a telegraphic circuit of electrical undulations corresponding to 
sounds of different pitch is manifested, not by the obliteration of 
the vibratory character of the current, as with intermittent and pul- 
satory current, but by peculiarities in the shapes of the electrical 
undulations, or,in other words, by peculiarities in the shapes of the 
curves which represent those undulations. 

There are many ways of producing undulatory currents of elec- 
tricsty dependent for effect upon the vibration or motion of bodies 
capable of inductive action. A few of the methods that may be 
employed are as follows: When a wire, through which a continuous 
current of electricity is passing, is caused to vibrate in the neigh- 
borhood of another wire, an undulatory current of electricity is in- 
duced in the latter. When acylinder, upon which are arranged bar 
magnets, is made to rotate in front of the pole of an — 
an undulatory current of electricity is induced in the coils of the 
electro-magnet. 5 

Undulations are caused in a voltaic current by the vibration or 
motion of bodies capable of induetive action, or by the vibrations of 
the conducting wire itself in the neighborhood of such bodies. Elec- 
trical undulations may also be caused by alternately increasing and 
diminishing the resistance of the circuit or by alternately increasing 
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and diminishing the power of the battery. The internal resistance 
of a battery is diminished by bringing the voltaic elements nearer 
together, and increased by placing them farther apart. The recip- 
rocal vibration of the elements of a battery therefore occasions an 
— action in the voltaic current. 
he external resistance may also be varied. For instance, 
2017 let water or some other liquid of high resistance form part of 
a voltaic circuit; then themore deeply the conducting wire is 
immersed in the water or other liquid the less resistance does the 
liquid offer to the passage of the current. Thence the vibration of the 
conducting wire in water or other liquid included in the circuit oc- 
casions undulations in the current. The vertical vibration of the 
elements of a battery in the liquid in which they are immersed pro- 
duces an undulatory action in the current by alternately increasing 
and diminishing the power of the battery. 

In illustration of one method of creating electrical undulations a 
form of apparatus is shown in figure 15. It is preferable to employ 
for this pu an electro-magnet, E, figure 15, having a coil upon 
only one of its legs. A steel spring armature, A, is firmly clam 
by one extremity to the uncovered leg h of the magnet, and its free 
end is allowed to project above the pole of the covered leg. The 
armature A can be set in vibration in a variety of ways, one of 
which is by wind, and in vibrating it produces a musical note of a 
certain definite pitch. : 

When the electro-magnet E is placed in a voltaic circuit, B E W 
Ei B, the armature A becomes magnetic, and the polarity of its free 
end is opposed to that of the — underneath. So long as the 
armature A remains at rest no effect is produced upon the voltaic 
current, but the moment it is set in vibration to produce its musical 
note a powerful inductive action takes place, and electrical undula- 
tions traverse the circuit above described. The undulatory current 
passing — the coil of the electro-magnet E causes vibration in 
its armature Al when the armatures of the two magnets are nor- 
mally in unison with one another, but the armature A! is unaffected 
by the passage of the undulatory current when the pitches of the 
two armatures are different. 

The instruments shown in figure 15 are like in plan to the re- 
ceiving instruments R Rl, etc., of figures 1, 2, 3, 4, 5, 8, 9, 10. A 
number of instruments may be placed upon a telegraphic circuit, 
as in figures 16, 17,18. When the armature of any one of the in- 
struments is set in vibration, all the other instruments upon the 
circuit which are in unison with it respond, but those which 

have normally a different rate of vibration remain silent. 
2018 Thus, if R, figure 16, is set in vibration, the armatures of 

the receivers‘R, figures 17, 18, vibrate also, but all the others 
on the circuit remain still; so, if Ri, figure 17, is caused to emit its 
musical note, the instruments R', shown in figures 16 and 18, re- 
spond. They continue sounding so long as the mechanical vibra- 
tion of Ri, figure 17, is continued, but become silent with the cessa- 
tion of its motion. The duration of the sound may be used to indi- 
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despatch may be indicated by alternately interrupting and renew- 
ing the sound. | 

hen two or more instruments of different pitch are simultane- 
ously caused to vibrate all the instruments of corresponding pitches 
upon the circuit are set in vibration, each responding to only 
that instrument used as a transmitter with which it is in unison. 
Thus the signals of R, figure 16, are repeated by R of figures 17 
and 18, but by no other instrument upon the circuit; the signals of 
RI, figure 18, by Ri, figures 16 and 17, and the signals of RN, fig- 
ure 17, by R., figures 16 and 18, whether R, figure 16, Ri, figure 
18, and R, figure 17, are successively or simultaneously caused 
to vibrate. Hence by these instruments two or more telegraphic 
signals or messages may be sent simultaneously over the same cir- 
cuit without interfering with one another, a single battery, B, being 
used for the whole circuit. These instruments may be used for the 
simultaneous transmission of musical notes differing in loudness as 
well as in pitch. 

When the armature A, figure 15, is set in vibration the armature 
Al responds not only in pitch but in loudness. Thus, when A 
vibrates with little amplitude a very soft musical note proceeds from 
A!, and when A vibrates forcibly the amplitude of the vibration of 
A! is considerably increased and the resulting sound becomes louder ; 
so if R and Rl, figure 16, are sounded simultaneously (R loudly and 
Ri softly), the instruments R, figures 17 and 18, repeat loudly the 
signals of R, figure 16, and Ri, figures 17 and 18, repeat softly 
those of Rl, figure 16. 


Fourth Plan. 


In the plans so far described a separate instrument is employed 
for every pitch, and the electrical vibrations for different 
2019 ‘pitches are combined upon the wire, each armature bein 
capable of transmitting or receiving but a single note, an 
thus as many separate instruments are required as there are mes- 
sages or musical notes to transmit. 
In this fourth part of the invention a single instrument is em- 
loyed, the armature of which can be set in vibration by a musical 
instrument, or by the tones of a human voice, or by any sound 
whatever. 

This fourth plan is represented in figures 21, 22, and 23, wherein 
is shown a single telephone at each station in place of the transmit- 
ting and receiving instrument heretofore described, the telephones 
being illustrated separately in figures 19 and 20. 

One of the ways in which the armature A, figure 15, may be set 
in vibration has been stated to be by wind. Another mode is shown 
in figure 19, whereby motion can be imparted to the armature by 
the human voice, or by means of musical instruments, or by sounds 
of any kind. 

The armature A, figure 19, is fastened loosely by one extremity 
to the uncovered leg h of the electro-maguet E, and its other ex- 
tremity is attached to the centre of a stretched membrane,n. A 
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cone, O, is used to con verge sound vibrations upon the membrane. 
When a musical note is made in the neighborhood of the membrane 
n it is set in vibration, the armature A is forced to partake of the 
motion, and thus electrical undulations are created upon the circuit 
GBEWE'G'. The armature A! is thus thrown into synchro- 
nous vibration with the armature A, emitting a musical note of 
similar pitch to that which originated the vibration of armature A. 
If two or more musical notes be simultaneously sounded in the 
neighborhood of the cone C* the resultant motion of the air is copied 
by the membrane n, to which the armature A is attached, and this 
armature A acting inductively upon the current traversing the coils 
of the electro-magnet E occasions an increase and diminution in its 
intensity, and the armature Al is thrown into vibration by the 
varying attraction of the electro-magnet E! to which it is attached, 
and thus imparts to the air at n' a fac-simile copy of the motion of 
the air that acted upon the membrane un, hence two or more mu- 
sical notes or telegraphic messages can be sent simultaneously 
2020 along a single circuit from one station to another by means 
of one instrument at each station. 

Instead of the cone, membrane, and armature shown in figure 19, 
a 22 of thin steel may be used; the vibrations of the plate in front 
af the et occasioned by the motion of the air during the pro- 
duction of sound changes the intensity of the current, as hereinbe- 
fore described, and occasions a similar motion in a similar steel 
plate in front of another electro-magnet at another station in the 
circuit. Such a plate is shown in figure 20 and marked A“, it being 
attached to a frame, F. The telephones shown in figures 21 to 26 
are of the kind shown in figure 20. This invention is not limited, 
however, to the use of a steel plate, but includes within its scope any 
materials capable of inductive action upon a current of electricity. 
In this plan an operator at station figure 21 may send a telegraphic 
message on a certain pitch, while another operator at another 
station, say figure 22, is transmitting another message on a different 
pitch, and both sounds will be audible at all the stations in the 
circuit. 

The receiving operators will pay attention to signals of only one 
pitch; hence by this plan the simultaneous transmission of a number 
of telegraphic messages over a single circuit in the same or both 
directions with a single main battery for the whole circuit and a 
single telephonic instrument at each station is rendered possible. 
Whatever sound is made in the neighborhood of any telephone, sa 
T e, figure 21, is echoed in fac-simile by the telephones Te of all 
the other stations; hence this fourth plan is also adapted for the 
entirely new use of transmitting intelligently the exact sounds of 


articulate 


To convey an articulate message it is only necessary for the oper- 
ator to k in the neighborhood of a telephone, say T e, figure 21, 
and for the receiving operator at another instrument, say T ¢, figure 
23, to listen. 

If two persons speak simultaneously in the neighborhood of the 
same or een the utterances of the two speakers are 
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reproduced simultaneously by all the other telephones on the same 

circuit; hence by this plan vocal m may be transmitted 
simultaneously over the same circuit in the same or opposite 

2021 directions with one battery for the whole circuit, and one 
telephone at each station on the line. 

In this plan of transmitting vocal utterances it is only necessa 
that the strength of the current should vary in intensity as the air 
varies in density during the utterance of the sound. 

All the methods of producing undulating currents of electricity 
hereinbefore described may be employed in producing the undula- 
tions by which to transmit articulate messages. For instance, the 
vibrations of a membrane may cause a platinum wire to vibrate in 
water or other liquid of high resistance included in the circuit, and 
hence will occasion changes in the intensity of the current travers- 
ing the circuit proportional to the changes in the density of the air 
which originally gave rise to the vibrations of the membranes, and 
hence the sounds uttered in the neighborhood of that membrane will 
be reproduced from a telephone on a distant part of the circuit. 

In the fifth plan of the invention, illustrated in figures 24, 25 and 
26, the battery is omitted, and a permanent magnet, M“, is substi- 
tuted for the soft-iron core of the electro-magnets used in the other 
telephones ; or the coils shown in figures 24, 25 and 26, may be in- 
duction coils of usual construction, local batteries being placed in 
circuit with the primary wires so as to magnetize the soft-iron cores 
of the coils, the undulations incuced in the secondary wires by the 
vibration of the plates A* being directed upon the line wire. 

The sixth plan of the invention is represented in figures 27, 28 
and 29, figure 27 being a side view of a receiving instrument, R, 
having a magnet, E, and armature, as before described, and provided 
also with a vibratory circuit-breaker, V; this circuit-breaker is de- 
—— for the purpose of enabling the armature A to open or close 
a local circuit through the medium of the eiĩreuit- breaker V; this 
circuit-breaker consists of a light metallic lever nominally resting 
— the point 5, preferably adjustable so as to close a local circuit. 
The extremity of the circuit-breaker overhangs the free end of the 
armature A. 

When the armature A is thrown into vibration by the action of 
magnet E the circuit-breaker is lifted from the point 5, and it does 
not =— until the cessation of the vibration of the armature 
2022 lu figure 28 an arrangement is shown whereby the lifting 

of the circuit-breaker V opens a local circuit, in which is 
placed a Morse sounder, 6, or other electrical apparatus. 

In figure 29 the circuit-breaker V normally “short-circuits” the 
battery B, cutting off the current from the Morse sounder 6, or other 
apparatus, so that the lifting of the circuit-breaker V permits the 
current from the battery B to actuate the telegraphic instrument 6. 
The vibrating circuit-breaker V may be changed in construction, 1t 
only being necessary that it have normally a slower rate of vibra- 
tion than the armature A, by which it is vibrated. 

Figure 30 represents an arrangement of transmitting instruments, 
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T Ti P, etc., and receiving instruments R RI, etc., and vibrator 

circuit-breakers V VI, etc., similar to those shown in figures 1, 2, 
27, designed to produce automatically at the receiving end of the 
line a fac-simile of whatever characters or marks are presented at 
the transinitting end. In this plan the messages or marks to be 
copied may be written or printed in non-metallic ink on a metallic 


surface, F o, shown in dotted lines (preferably tinfoil) or — — 
e me- 


upon the same; this metallic surface is placed upon a suita 

tallic support, S, —— made as a roller, having its axis at 7 
connected with the battery B and the earth G. At the receivin 
end a similar support, 8', is connected in circuit with a battery, Bl, 
and the vibratory circuit-breakers V VI VX, etc., and on this sup- 
port is placed a piece or strip of chemically prepared paper, P a, 
shown in dotted lines. 

The metallic surface F o, on which is written the message to be 
transmitted, is moved between the support S and the ends of a series 
of wires, 8 9 10 11 12 13, etc., such ends being held by a non-me- 
tallic holder or bar, 14. The wires 8 9 10, etc., communicate with 
the armatures a of transmitters T TI, etc., similar to the transmitter 
T shown in figure 1. At the receiving end of the circuit the ends 
of a similar arrangement of wires, 15 16 17 18 19 and 20, are held 
in —.— by a non-metallic holder, 21, so as to rest upon the chemi- 


per P a. 
2 r Pa 


8 9 5 a i 
a he metallic surface F o and the chemically prepared 


are each moved in the direction of the arrows under their re- 
2023 spective series of wires, but not necessarily at equal speed, 
and the characters or marks on the foil are copied on the 


Propered per. 
hen the end of any of the wires at the transmitting end, — 


wire 8, rests upon the metallic foil a communication is establish 
between the battery B and the armature a of the transmitterT. The 

latinum rivet r, as heretofore described, vibrates and makes and 

reaks contact with the point m, so that an intermittent current of 
electricity appears upon the line wire W; so long, then, as the wire 
8 rests on the metallic surface F o the currents of ¢ pass through 7 
S F o 8 r m to the line wire W, and thence by branches through 
the receiving instruments R R., etc., to the earth at Gi. 

The armature of the receiving instrument R, which is in unison 
with the armature a of the transmitter T, is thrown into vibration 
by the passage of the intermittent current, but the armatures of the 
other transmitting instruments RI N., etc., having a different rate 
of vibration from the armature of T, do not respond. 

The armature of the receiving instrument R, in the course of its 
vibration, lifts the spring lever V, breaking the circuit Bi S' Pa 
15 V B'; so long, then, as the end of the wire 8 rests upon the 
metallic surface F o the local circuit in which the wire 15 is placed 
— open, and thus no mark is made upon the paper P a under 
wire 15. 

When, — the movement of the metallic surface F o, a ——5—.— 
of the non-metallic ink comes under the end of the wire 8, con- 
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receiver R becomes silent, the spring lever V returns to its normal 
position, closing the circuit above described, and a mark is made 
upon that part of the chemically-prepared paper P a under wire 
15 


Each wire 9 10, etc., operates in a like manner to the wire 8, and 
the wires 16 17 18, etc., operate as described for wire 15. 

Any of the ordinary chemically-prepared paper used in connec- 
— ordinary systenis of chemical or autograph telegraphs may 


2024 Complainants’ Exhibit No. 33, Bell’s Speaking Telephone, Metallic 
Diaphragm. 
(Record, page 170.) 


Dimensions : 
Diameter of diaphragm --------~---.-~.--.--------....-- 5 inches 
Complainants’ Exhibit 34. 
(Extract Bell’s Preliminary Statement in Harmonic Interference.) 
(Record, page 199.) 


During the summer of 1874 doubts occurred as to the operation 
of the induced current. When the primary circuit of an induction 
coil is closed a momentary impulse of positive electricity is induced 
upon the secondary circuit, and when it is opened an impulse of 
negative electricity appears upon the secondary wire. I feared that 
the induced current would be insufficient to set the armatures of the 
receiving instruments in vibration, unless the negative impulses 
came exactly midway between the positive impulses, and unless the 
armatures of the receiving instruments were rendered permanently 
magnetic, so as to be alternately attracted and repelled by their 
electro-magnets. 

The thought occurred of inducing the impulses by means of a 
permanent magnet instead of a battery. 

When a permanent magnet is caused to approach the pole of an 
electro-magnet a current of electricity is induced in the coils of the 
latter, and when it is made to recede a current of opposite polarity 
to the first is induced in the electro-magnet. The vibration, then, 
of a permanent magnet in front of the pole of an electro-magnet 
would produce an oscillating current in the coils of the latter, and 
the reversed impulses be at equal distances apart. The form which 
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this idea took at this time (summer of 1874) is shown in Fig. 15. AB 

B’ B’ are steel reeds attached to permanent magnets M M’, 
2025 vibrated by wind in frunt of the poles of electro-m 

E E’. A and B were to be of different pitch, and A’ B' to 
be their counterparts respectively. When A should be made to 
produce its musical note A’ (its unison) would be thrown into vibra- 
tion, for when A moved downwards the current induced upon the 
circuit would cause the poles of the electro-magnet E’ to be of oppo- 
site polarity to A’ and B’, and, therefore, A’ would be attracted 
downwards; but when A should move upwards the polarity of E 
would he the same as A’, and, therefore, A would be repelled. As 
the normal rate of vibration of A’ coincides with that of A, the for- 
mer would respond to the latter’s vibration, and vice versa, but neither 
B nor B’ be affected. Reflection led me to believe that ‘this idea 
was very valuable, as the currents induced in the coils of the electro- 
magnets E’ E’ would correspond exactly to the effects produced in 
the air by the of a musical note. The polarity of each in- 
duced impulse would depend upon the direction of the motion of 
the permanent magnet A to or from the pole of the elec 
under it, and hence would correspond to a condensation or rarefac- 
tion of air. The succession of induced impulses would be at the 
same rate per second as the vibrations of A; hence, would corre- 
spond to the pitch of the note produced, and the intensity of each 
impulse would depend upon the extent or amplitude of the vibra- 
tions of A, and would correspond to the loudness of the resulting 


note. 

The idea ually developed that notes differing in loudness as 
well as pitch could be simultaneously transmitted, and, as a corol- 
lary, the feasibility of the transmission of the timbre or quality of a 
sound suggested itself, for, according to Helmholtz’s theory, the 
quality of a sound depends upon the simultaneous production of a 
number of musical notes differing from each other in pitch and 
loudness. In each sound the fundamental or lowest tone is the 
loudest, the overtones being comparatively weak and faint. The 
apparatus shown in Fig. 16 was conceived as a means of transmit- 
ting vocal utterance telephonically. 

Steel rods were to be attached at one end to the poles N Sof a 

rmanent magnet, M, as in Fig. 16. An electro-magnet, E, was to 

placed between the two sets of rods H H. An exactly similar 
instrument, H’ H’, was te be placed upon another part of the circuit. 
Upon uttering a sound in the neighbornood of H, it was 
2026 presumed that certain rods would be set sympathetically in 
vibration by the voice. The rod corresponding to the funda- 
mental tone would vibrate forcibly, and those corresponding to the 
overtones of the sound would respond faintly. Each rod, partakin 
of the polarity of the pole N or S to which it was attached, woul 
induce in the coils of the electro-magnet E a series of electrical oscil- 
lations corresponding in rate per second to the number of its vibra- 
tions, and in intensity to the amplitude of its motion. The electrical 
impulses traversing the coils of the electro-magnet E’ would cause 
vibrations in the corresponding rods H’ H’. The unison of the 
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fundamental tone would respond loudly, and the rods — 
ing in pitch to the overtones would vibrate feebly. Although the 
absolute loudness of all the sounds produced by the rods H’ H’ 
would be very faint, still, the relative loudness of the notes would 
be preserved, and hence, theoretically, a repetition of the sound 
uttered in the neighborhood of H H should proceed from H’ H’. 

Fearing that ridicule would be attached to the idea of transmit- 
ting — sounds telephonically, especially by those who were unac- 
—.— with Helmholtz experiments, I said little or nothing of 

is plan. Indeed, reflection convinced me that, however feasible 
the scheme looked upon paper, it was impracticable, as the induced 
currents would be far too feeble to overcome any great resistance. 
For the same reason the plan shown in Fig. 15 seemed impracticable 
save in theory, and I began to look about for some other method of 
inducing alternate positive and negative impulses which should 
succeed each other at equal intervals of time, and at last I hit upon 
the plan of making and breaking contact by means of a revolving 
cylinder, as shown in Fig. 17. 


Complainants’ Exhibit No. 35, Bell Telephone of 1875, Duplicate Arma- 
| ture. 
(Record, page 206.) 


This is a heavy armature used as a substitute for the armature in 
Exhibit No. 22. 


Dimensions: 
Length of armature 3 1{ inches. 
/ § ‚ . sien ttn dncamnaninaitasandiitlio Pee 
Thickness of armature se 


2027 Complainanis’ Exhibit No. 36, Membrane Telephone No. 2, Trans- 
milter. 


(Record, page 211.) 


Dimensions: 
. —.. enncnes connec ecnnnns ene 6 inches. 
Diameter of mouth of cone RR Ea 
Diameter of membrane 33 
Length of armature— 2 “ 
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Complainants’ Exhibit No. 37, Membrane Telephone No.2, Receiver. 
Kecord, page 211.) 


. . ne one oe 22 snes 7 inches. 
Diameter of membrane — -----------....--- . * 
Diameter of end of cone——- :. 3 
Length of armature-———— ----.------ -------. -..- a * 
7 — occ cone wet stinwaint sie 23 
— GF 1 — ccc cons cams —-— a" 


2028 Complainants’ Exhibit No. 38, Baby Membrane Telephone Trans- 


(Record, page 224.) 


Dimensions: 
„„ 11 inches. 
Diameter of mouth of cone ie. 
Diameter of membrane ....-.~-.-.----------- 1 2 
Length of spool 29“. — — 3 
. Gin nticn cn cwnencuswemiiiiinieminedmineitinia > 
Length of armatur——ꝛk ...--.------------.- te 
Width of armature.......... , 2... 200s. 3 

Complainants’ Exhibit No. 39, Baby Membrane Telephone Receiver. 
(Record, page 224.) 

Dimensions: 

Length of cone 1} inches. 
Diameter of small end of cone a 
Diameter of membrane C * 


1 
Length of 3 ͤ ——-—- quambtinereseneminn - 
e cc 
Length of armaturee 4c 4444 ; 
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fundamental tone would respond loudly, and the rods co nd- 
ing in pitch to the overtones would vibrate feebly. Althou b the 
absolute loudness of all the sounds produced by the rods H“ H 
would be very faint, still, the relative loudness of the notes would 
be preserved, and hence, theoretically, a repetition of the sound 
uttered in the neighborhood of H H should proceed from H’ H'. 
Fearing that ridicule would be attached to the idea of transmit- 
ting vocal sounds telephonically, especially by those who were unac- 
uainted with Helmholtz’s experiments, I said little or nothing of 
this plan. Indeed, reflection convinced me that, however feasible 
the scheme looked upon paper, it was impracticable, as the induced 
currents would be far too feeble to overcome any great resistance. 
For the same reason the plan shown in Fig. 15 seemed impracticable 
save in theory, and I began to look about for some other method of 
inducing aiternate positive and negative impulses which should 
succeed each other at equal intervals of time, and at last I hit upon 
the plan of making and breaking contact by means of a revolving 
cylinder, as shown in Fig. 17. 


Complainants’ Exhibit No. 35, Bell Telephone of 1875, Duplicate Arma- 
ture. 
(Record, page 206.) 


This is a heavy armature used as a substitute for the armature in 
Exhibit No. 22. : 


Dimensions: 
Length of armature 3 1j inches. 
NT inc: esnieys: simahen itive ean vasepeciinationicabeniebvaiin 3 
Thickness of armature z BRL 
2027 Complainants’ Exhibit No. 36, Membrane Telephone No. 2, Trans- 
mutter. 
(Record, page 211.) 


Dimensions: 
111 ————— 6 inches. 
Diameter of mouth of cone 3 
Diameter of membrane 3 
x e 
C00 0 


Diameter of spool... - : 
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Complainants’ Exhibit No.37, Membrane Telephone No. 2, Receiver. 
(Record, page 211.) 


Dimensions: 1 
10 0 ——%v——9——j—ð — 7 inches. 
Diameter of membrane 384 
Diameter of end of cone nnn 1 
Length of armature————é44é -------. ...- . 
J —ͤ— . car. scons csenmtite 8 
— GF cnn ůů————— —V— 3 


2028 Complainanis’ Exhibit No. 38, Baby Membrane Telephone Trans- 


(Record, page 224.) 


Dimensions: 
„„ 11 inches. 
Diameter of mouth of cone 3 
Diameter of membrane ꝛnꝛꝛ»ꝛ «4 3 
Length of s pool —— -.-------...-- — — Fide 
RSE GI ii inc 2 ccnnn concbemineenwentnmtnit 3 
. . natiniitdbninpane 1 
L . cece concn pa, 

Complainants’ Exhibit No. 39, Baby Membrane Telephone Receiver. 
(Record, page 224.) 

Dimensions: 

Length of cone - 1} inches. 
Diameter of small end of cone 5 
Diameter of membrane------ - ..-- é 1 * 


Length of 0. —————— ͤ— — 1 — 
eee 22. cmon scccincescccasscese -§ 
— — 48 —jç—ꝙç—＋«èBt oc cccenene 
Width of armature . A sit 
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2029 Complainants’ Exhibit No. 40, Lovers’ Electric Telephone. 
(Record, page 224.) 


Dimensions: | | 
r 2 inches. 
Diameter of cylinder ie 
r 5 
———ͤ—Vw itiitie cnet cnntionnnnones swndinmmnpision 5 
— 0 —— — — — . 
J...... ys hss on Kents comcns sdoiccecusecse 1 * 


Complainants’ Exhibit No. 41, Lovers’ Electric Telephone. 
(Record, page 224.) 
This is a duplicate of Complainants’ Exhibit No. 40. 


2030 Complainants’ Exhibit No. 42, Adjustable Membrane Telephone 


(Record, page 225.) 


Dimensions: 
ORI OT CORG 5 onic ç—7—7ꝙꝗ—èrẽ?.———— 51 inches. 
Diameter of large end of cone 3 
Diameter of membrane ʒꝛ . 
„ on on oo cen v _ Sees 
. — 3 


Length of armaturee .----- 11 
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Complainants’ Exhibit No. 43, Adjustable Membrane Telephone Receiver. 
(Record, page 225.) 


Dimensions: 
DEE CIID —T—T— ¾ᷣͤ 61 inches 
Diameter of membrane 3 33 * 
„ cce ceminc cknns wenmanlagiins ee: * 
. ie 
Length of armaturreee a ° a 
— CID, 0c nonce en tnnn conden cubventiebe 1 — 


2031. Complainants’ Exhibits Nos. 44 and 45, Hand Telephone Mem- 


(Record, page 227.) 


These are two similar membrane — carrying hinged 
armatures, adapted for.use on two ordinary Bell hand telephones in 
place of the usual metal diaphragms. 


Dimensions : 
Diameter of membrane -.--...---- ......--------.-... 2} inches. 


Length of armatur 22» 1 4 +a 
Width of armatur . Wr, 4 
Thickness of armature._.---.. ....-.---- .---------- a * 
2032 Complainants’ Exhibit 46. 

(See page 214.) 


Proceedings of the American Academy of Arts and Sciences. Vol. 
XII. Papers read before the academy. 


I. 
Researches in Telephony, by A. Graham Bell. 
Presented May 10, 1876, by the corresponding secretary. 

1. It has long been known that an electro-magnet gives forth a 
decided sound when it is suddenly magnetized or demagnetized. 
When the circuit ee which it is placed is rapidly made and broken 
a succession of explosive noises proceeds from the magnet. These 


sounds produce upon the ear the effect of a musical. note when the 
current is interrupted a sufficient number of times per second. The 
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discovery of “galvanic music,” by Page,“ in 1837, led inquirers in 
different parts of the world almost simultaneously to enter into the 
field of telephonic research, and the acoustical effects produced by 
magnetization were carefully studied by Marrian,t Beatson, f Gas- 
siot,§ De la Rive, Matteucci,J Guillemin,** Wertheim, . 
2033 Wartmann, 1 Janniar,§§ Joule, il Laborde, IN * 
Reis, i Poggendorff, Ht Du Moncel, 585 Delezenne, Ill and 
others. JI 
2. In the autumn of 1874 I discoveeed that the sounds emitted 
by an electro- magnet, under the influence of a discontinuous current 
of electricity, are not due wholly to sudden changes in the mag- 
netic condition of the iron core (as heretofore — but that a 
portion of the effect results from vibrations in the insulated copper 
wires composing the coils. An electru-magnet was arranged upon 
circuit with an instrument for interrupting the current—the 
rheotome being placed in a distant room so as to avoid interference 
with the experiment. Upon applying the ear to the et a 
musical note was clearly perceived, and the sound persisted after 
the iron core had been removed. It was then much feebler in in- 
tensity, but was otherwise uncha —the curious crackling noise 
accompanying the sound being well marked. 


— — — 


*C. G. Page. “The production of Galvanic Music.” Silliman's Journ., 1837, 
XXXII, p. 396; Silliman’s Journ., July, 1837, 354; Silliman’s Journ., 1838, 
XXAIII, p. 118; Bibl. Univ. (new series), 1839, II. p 398. 

l tJ. P. Marrian. Phil. Mag., XXV. p. 382; Inst., 1845. p. 20; Arch. de I’Electr., 
„ p. 195. 
1 Bentoon Arch. de I’Eectr.,V, p. 197; Arch. de Sc. Phys. et Nat. (2d series), 

» P- 

Gassiot. See Treatise on Electricity,’’ by De la Rive, I, p. 300. 

De la Rive. Treatise on Electricity, I, p. 300; Phil. A. g., XXXV, p. 422; 
Arch. de I’Electr., V, p. 200; Inst., 1846, p. 83; Comptes Rendus, XX, p. 1287; 
Comp. Rend., XXII, p. 432; Pogg. Ann., LX XVI, p. 687; Ann de Chim. et de 
Phys., XXV, p. 158. 

Mattencci. Inst., 1845, p. 315; Arch de l’Electr., V, 389. 

**Guillemin. Comp. Rend, XXII, p. 264; Inst., 1846, p. 30; Arch. d. Se. Phys. 
(2d series), I, p. 191. 

tt G. Wertheim. Comp. Rend., XXII, pp. 336, 544; Inst., 1846, 65, 100; Pugg. 
Ann., LXVIII, p. 140; Comp. Rend., XXVI, p. 505; Inst., 1830. 142 — 
Chim. et de Phys., XXIII, p. 302; Arch. d. Sc. Phys. et Nat, VIII, p. 206; Pogg. 
Ann., LXXVII, p. 43; Berl. Ber., IV. 7 121. 

tt Elie Wartmann. Comp. Rend., XXII, p. 544; Phil. Mag. (3d series), XXVIII, 
p. 544; Arch. d. Sc. Phys. et Nat. (ad series), I, p. 419; Inst., 1846, p. 280; Mo- 
natscher, d. Berl. Akad., 2 111. 

82 lan iar. om Rend., XXIII, p. 319; Inst., 1846, p. 269; Arch. d. Sc. Phys. 
et Nat. (2d series), II, p. 394. 

WJ. P. Joule. Phil. Mag.. XXV, pp. 76, 225; Berl. Ber., III, p. 489. 

€* Laborde. Comp. Rend., L, p. 692; Cosmos, XVII, p. 514. 

* Legat. Brix. Z. S., IX, p. 125. 

‘ att —— % Téléphonie,” Polytechnic Journ., CLXVIII, p. 185; Bottger’s Notizbl., - 

3, No. 6. 

tii J. C. Poggendorff. Pogg. Ann., XCVIII, p. 192; Berliner Monatsber, 1856, p. 
183; Cosmos, IX, p. 49; Berl. Ber., XII, p. 241; Pogg. Ann., LXXXVII, p. 139. 

242 Du Moncel. Expusé, II, p. 125; also III, p. 83. 

x —— Sound produced by Magnetization,” Bibl. Univ. (new series), 1841, 


Mee London Journ., XXXII, p. 402; Polytechnic Journ., CX, p. 16; Cosmos, 
IV, p. 43; Glosener —— Traité r ete., p. 350; Dove. , VI, p. 58; 
Pogg. Ann., XLIII, p. 411; Berl. Ber., I, p. 144; Arch d. Sc. Phys. et Nat., XVI 
p. 406; Kuhn’s Encyclopedia der Physik, pp. 1014-1021. 
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The effect may probably be explained by the attraction of the 
coils of the wire for one another during the passage of the galvanic 
current and the sudden cessation of such attraction when the current 
is interrupted. When a spiral of fine wire is made to dip into a cu 

of mercury, so as thereby to close a galvanic circuit, it is we 
2034 known that the spiral coils up and shortens. Ferguson* 

constructed a rheotome upon this principle. The shorten- 
ing of the spiral lifted the end of the wire out of the mercury, thus 
opening the circuit, and the weight of the wire sufficed to bring the 
end down again, so that the spiral was thrown into continuous vi- 
bration. I conceive that a somewhat similar motion is occasioned 
in a helix of wire by the passage of a discontinuous current, although 
further research has convinced me that other causes also conspire 
to produce the effect noted above. The extra currents occasioned 
by the induction of the voltaic current upon itself in the coils of the 
helix no doubt play an important part in the production of the 
sound, as very curious audible effects are produced by electrical im- 
pulses of high tension. It is probable, too, that a molecular vibra- 
tion is occasioned in the conducting wire, as sounds are emitted b 
many substances when a discontinuous current is passed th 
them. Very distinct sounds proceed from straight pi of iron, 
steel, retort-carbon, and plum . I believe that I have also ob- 
tained audible effects from thin platinum and German-silver wires, 
and from mercury contained in a narrow groove about four feet long. 
In these cases, however, the sounds were so faint and outside noises 
so loud that the experiments require verification. Well-marked 
sounds proceed from conductors of all kinds when formed into 
irals or helices. I find that De la Rive had noticed the produc- 
tion of sound from iron and steel — — of an inter- 
mittent current, although he failed to in audible results from 
other substances. In order that such effects should be observed ex- 
treme quietness is necessary. The rheotome itself is a great source 
of annoyance, as it always produces a sound of similar pitch to the 
one which it is desired to — It is absolutely requisite that it 
should be placed out of earshot of the observer, and at such a dis- 
tance as to exclude the possibility of sounds being mechanically 
conducted along the wire. 

3. Very striking audible effects can be produced upon a short cir- 
cuit by means of two Grove elements. i a helix of insulated 

co wire (No. 23) constructed, having a resistance of about 
2035 twelve ohms. It was placed in circuit with a rheotome which 

interrupted the current one hundred times per second. Upon 
placing the helix to my ear I could hear the unison of the note pro- 
duced by the rheotome. The intensity of the sound was much in- 
creased by placing a wrought-iron nail inside the helix. In both 
these cases a crackling effect accompanied the sound. When the 
nail was held in the fingers so that no portion of it touched the 
mes the crackling effect disappeared, and a pure musical note re- 
sulted. 


* Ferguson. Proceedings vf Royal Scottish Soc. of Arts, April 9, 1866; paper on 
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When the nail was placed inside the helix, between two cylin- 
drical pieces of iron, a loud sound resulted that could be heard all 
over a large room. The nail seemed to vibrate bodily, striking the 
cylindrical pieces of metal alternately, and the iron cylinders them- 
selves were violently agitated. 

4. Loud sounds are emitted by pieces of iron and steel when sub- 
jected to the attraction of an electru-magnet which is placed in 
circuit with a rheotome. Under such circumstances the armatures 
of Morse sounders and relays produce sonorous effects. I have 
succeeded in rendering the sounds audible to large audiences by 
interposing a tense membrane between the electro-magnet and its 
armature. The armature in this case consisted of a piece of clock- 
spring glued to the membrane. This form of apparatus I have found 
invaluable in all my experiments. The instrument was connected 
with a parlor organ, the reeds of which were so arranged as to open 
and close the circuit —— their vibration. When the organ was 

layed the music was loudly produced by the telephonic receiver 
in a distant room. When chords were played upon the organ the 
various notes composing the chords were emitted simultaneously by 
the armature of the receiver. 

5. The simultaneous production of musical notes of different 
pitch by the electric current was foreseen by me as early as 1870, 
and demonstrated during the year 1873. Elisha Gray,* of Chicago, 
and Paul la Cour, f of Copenhagen, lay claim to the same discovery. 
The fact that sounds of different pitch can be simultaneously pro- 
duced upon any part of a telegraphic circuit is of great practical 

importance, for the duration of a musical note can be made 
2036 to signify the dot or dash of the Morse alphabet, and thus a 

number of telegraphic messages may be sent simultaneously 
over the same wire without confusion by making signals of a definite 
pitch for each message. ; 

6. If the armature of an electro-magnet has a definite rate of oscil- 
lation of its own, it is thrown bodily into vibration when the inter- 
ruptions of the current are timed to its movements. For instance, 
present an electro-magnet to the strings of a piano. It will be found 
that the string which is in unison with the rheotome included in 
the circuit will be thrown into vibration by the attraction of the 
magnet. 

elmholtz, f in his experiments upon the synthesis of vowel sounds 
caused continuous vibration in tuning-forks which were used as the 
armatures of electro-magnets. One of the forks was employed as a 
rheotome. Platinum wires attached to the prongs dipped ‘into 
mercury. 

The intermittent current occasioned by the vibration of the fork 
traversed a circuit containing a number of electro-magnets, between 
the poles of which were placed tuning-forks, whose normal rates of 
vibration were multiples of that of the transmitting fork. All the 


*Elisha Gray. Eng. Pat. Spec., No. 974. See Engineer,’’ March 26, 1875. 
tPaul la Cour Te phic Journal, Nov. 1, 18765. 
t Helmholtz. Die Zehre von dem Tonempfindungen. 
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forks were kept in continuous vibration by the of the inter- 
rupted currént. By re-enforcing the tones of the forks in different 
degrees by means of resonators, Helmholtz succeeded in reproducing 
artificially certain vowel sounds. 

I have caused intense vibration in a steel strip, one extremity of 
which was firmly clamped to the pole of a U-shaped electro-magnet, 
the free end overhanging the other pole. The amplitude of the 
vibration was greatest when the coil was removed from the leg of the 
magnet to which the armature was attached. 

7. All the effects noted above result from rapid interruptions of a 
voltaic current, but sounds may be produced electrically in many 
other ways. 

The Canon Goltoin de Coma* in 1785 observed that noises were 
emitted by iron rods placed in the open air during certain electrical 

conditions of the atmosphere; Beatson produced a sound 
2037 from an iron wire by the discharge of a — jar; Gore} 

obtained loud musical notes from mercury, accompanied by 
singularly beautiful crispations of the surface, during the course of 
experiments in electrolysis; and Page§ produced musical tones from 
Trevelyan’s bars by the action of the galvanic current. . 

8. When an intermittent current is passed through the thick wires 
of a Ruhmkorff’s coil very curious audible effects are produced by 
the currents induced in the secondary wires. A rheotome was placed 
in circuit with the thick wires of a Ruhmkorff’s coil, and the fine 
wires were connected wtih two strips of brass (A and B), insulated 
from one another by means of a sheet of paper. Upon placing the 
ear against one of the strips of brass, a sound was perceived like that. 
described above as — from an empty helix of wire durin 
the of an intermittent voltaic current. A similar sound, 
only much more intense, was emitted by a tinfoil condenser when 
connected with tie fine wires of the coil. 

One of the strips of brass, A (mentioned above), was held closel 
against the ear. A loud sound came from A whenever the slip 
was touched with the other hand. It is doubtful in all these cases 
whether the sounds proceeded from the metals or from the imperfect 
conductors interposed between them. Further experiments seem to 
favor the latter supposition. The strips of brass, A and B, were 
held one in each hand. The induced currents occasioned a muscu- | 
lar tremor in the fingers. Upon placing my forefinger to my ear a 
loud crackling noise was audible, seemingly proceeding from the 
finger itself. A friend who was present placed my finger to his ear, 
but heard nothing. I requested him to hold the strips A and B 
himself. He was then distinctly conscious of a noise fwhich I was 
unable to perceive) proceeding from his finger. In these cases a 
portion of the induced currents passed through the head of the ob- 
server when he placed his ear against his own finger, and it is possi- 


i ~ Treatise on Electricity,’’ by De la Rive, I, p. 300. 

| Gore. Proceedings of Royal Society, XII, p. 217. 

3 Page. Vibration of Trevelyan’s Bars by the Galvanic Current, Silliman’s 
Journal, 1850, IX, pp. 106-108. 
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dle that the sound was occasioned by a vibration of the surfaces of 
the ear and finger in contact. 
When two persons receive a shock from Ruhmkorff’s coil b 

2038 clasping hands, each taking hold of the wire of the coil wit 

the free hand, a sound proceeds from the clasped hands. The 
effect is not 2 when the hands are moist. When either of 
the two touches the body of the other a loud sound comes from the 
parts in contact. When the arm of one is placed against the 
arm of the other the noise produced can be heard at a distance of 
several feet. In all these cases a slight shock is experienced so lohg 
as the contact is preserved. The introduction of a piece of paper 
between the parts in contact does not materially interfere with the 
production of the sounds, while the unpleasant effects of the shock 
are avoided. 

When a powerful current is passed through the body a musical 
note can be perceived when the ear is closely applied to the arm of 
the person experimented upon. The sound seems to proceed from 
the muscles of the forearm and from the biceps muscle. The musi- 
cal note is the unison of the rheotome employed to interrupt the 
primary circuit. I failed to obtain audible effects in this way when 
the pitch of the rheotome was high. Elisha Gray“ has also produced 
audible effects by the passage of induced electricity through the 
human body. A musical note is occasioned by the spark of a Ruhm- 
korff coil when the primary circuit is made and broken sufficient! 
rapidly. When two rheotomes of different pitch are caused simul- 
taneously to open and close the primary circuit a double tone pro- 
ceeds from the spark. 

9. When a voltaic battery is common to two closed circuits the 
current is divided between them. If one of the circuits is rapidly 
opened and closed a pulsatory actiun of the current is occasioned 
upon the other. 

All the audible effects resulting from the of an intermit- 
tent current can also be produced, though in less degree, by means of 
a pulsatory current. 2 

10. When a permanent magnet is caused to vibrate in front of the 
pole of an electro-mugnet an undulatory or oscillatory current of 
electricity is induced in the coils of the electro-magnet, and sounds 
proceed from the armatures of other electro-magnets placed upon the 

circuit. The telephonic receiver referred to above (par. 4) 
2039 was connected in circuit with a single-pole electro-magnet, no 

battery being used. A steel tuning-fork, which had been pre- 
viously magnetized, was caused to vibrate in front of the pole of the 
electro-magnet. A musical note, similar in pitch to that produced 
by the tuning-fork, proceeded from the telephonic receiver in a dis- 
tant room. 2. 

11. The effect was much increased when a battery was ineluded 
in the eircuit. In this case the vibration of the permanent magnet 
threw the battery- current into waves. A similar effect was produced 


by the vibration of an unmay netized turning-fork in front of the elec- — 


isa Gray. Eng. Pat. Spec., No. 2646. See ‘‘ Engineer,” Aug. 14, 1874. 
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tro-magnet. The vibration of a soft-iron armature, or of a small 
iece of steel spring no larger than the pole of the electro-magnet in 
ront of which it was placed, sufficed to produce audible effects in the 
distant room. 

12. Two single-pole electro-magnets, each having a resistance of 
ten ohms, were arranged upon a circuit with a battery of five carbon 
elements. The total resistance of the circuit, exclusive of the bat- 
tery, was about twenty-five ohms. A drum-head of goldbeater’s 
skin, seven centimetres in diameter, was placed in front of each 
electro-magnet, and a circular piece of clock-spring, one centimetre 
in diameter, was glued to the middle of each membrane. The tel- 
ephones so constructed were placed in different rooms. One was re- 
tained in the experimental room, and the other taken to the base- 
ment of an adjoining house. 

Boe! — singing into the telephone the tones of the voice were re- 
produced 7 the instrument in the distant room. When two persons 
sang simultaneously into the instrument two notes were emitted 
simultaneously by the telephone in the other house. A friend was 
sent into the adjoining building to note the effect produced by artic- 
ulate speech. I pla the membrane of the telephone near m 
mouth, and uttered the sentence, “ Do you understand what I say 
Presently an answer was returned through the instrument in my 
hand. Articulate words proceeded from the clock-spring attached 
to — membrane, and I heard the sentence, Yes; I understand you 

y.” 
P The articulation was somewhat muffled and indistinct, a 
in this case it wasintelligible. Familiar quotations, such as, “ To be, 

or not to be; that is the question.” “A horse, a horse, my 
2040 kingdom for a horse.” “What hath God wrought?” ete., 

were generally understood after a few repetitions. The effects 
were not sufficiently distinct to admit of sustained conversation 
through the wire. Indeed, as a general rule, the articulation was 
unintelligible, excepting when familiar sentences were employed. Oc- 
casionally, however, a sentence would come out with such startling 
distinctness as to render it difficut to believe that the ker was 
not close at hand. No sound was audible when the clock-spring 
was removed from the membrane. 

The elementary sounds of the English language were uttered suc- 
cessively into one of the telephones and the effect noted at the other. 
Consonantal sounds, with the exception of L and M, were unrecog- 
nizable. Vowel sounds in most cases were distinct. Diphthongal 
vowels, such as a(in ale), o (in old), i (in isle), ow (in now), oy (in 
bo > oor (in poor), oor (in door), ere (in here), ere (in there), were 
well marked. 

Tripthongal vowels, such as ire (in fire,) our (in ae ower (in 
mower), ayer (in player), were also distinct. Of the elementary 
vowel sounds the most distinct were those which had the largest 
oral apertures. Such were a (in far), aw (in law), a (in man), and e 
(in men 
13. Hlectrical undulations can be produced directly in the voltaic 
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current by vibrating the conducting wire in a liquid of high resist- 
ance included in the circuit. 

The stem of a tuning-fork was connected with a wire leading to 
one of the — . described in the preceding paragraph. ile 
the tuning-fork was in vibration the end of one of the prongs 
was di into water included in the circuit. A sound proceeded 
from the distant telephone. When two tuning-forks of different 
pitch were — together, and simultaneously caused to 
vibrate in the water, two musical notes (the unisons respectively 
of those produced by the forks) were emitted simultaneously by the 
telephone. 

A platinum wire attached to a stretched membrane completed a 
voltaic circuit by dipping into water. — speaking to the mem- 
brane articulate sounds proceeded from the telephone in the distant 

room. The sounds produced by the telephone became louder 
2041 when dilute sulphuric acid or a saturated solution of salt 

was substituted for the water. Audible effects were also pro- 
duced by the vibration of plumbago in mercury, in a solution of 
bichromate of potash, in salt and water, in dilute sulphuric acid, 
and in pure water. 

14. Sullivan* discovered that a current of electricity is generated 
by the vibration of a wire com partly of one metal and partly 
oF another; and it is probable that electrical undulations were caused 
by the vibration. The current was produced so long as the wire 
emitted a musical note, but stopped immediately upon the cessation 
of the sound. 

15. Although sounds proceed from the armatures of electro-mag- 
nets under the influence of undulatory currents of electricity, I have 
been unable to detect any audible effects due to the electro-magnets 
themselves. An undulatory current was passed through the coils 
of an electro-magnet which was held closely against the ear. No 
sound was perceived until a piece of iron or steel was presented to 
the pole of the magnet. No sounds either were observed when the 
undulatory current was passed through iron, steel, retort-carbon, or 
plumbago. In these respects an undulatory current is curiously 
different from an intermittent one. (See par. 2.) 

16. The telephonic effects described above are produced by three 
distinct varieties of currents, which I term respectively intermittent, 
»ulsatory, and undulatory. Intermittent currefits are characterized 

y the alternate presence and absence of electricity upon the circuit ; 
pulsatory currents result from sudden or instantaneous changes in 
the intensity of a continuous current; and undulatory currents are 
produced by gradual changes in the intensity of a current analogous 
to the changes in the density of air occasioned by simple pendulous 
vibrations. The varying intensity of an undulatory current can be 
represented by a sinusoidal curve, or by the resultant of several 
sinusvidal curves. 3 
Intermittent, pulsatory, and undulatory currents may be of two 


— ́ —— — 


* Sullivan. “ Currents of Electricity pen by the Vibration of Metals,” Phil. 
Mag., 1845, p. 261; Arch. de l’Electr., X, p. 480. 
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kinds—voltaic or induced; and these varicties may be still further 
discriminated into direct and reversed currents, or those in 


2042 which the electrical impulses are all positive or negative, and 
those in which they are alternately positive and negative. 


5 3 Voltaic. — par. 1, 2, 3, 4, 5, 6). 
= —_| Intermittent. : — | 
= 2 Induced. Reversed (eee par. 8). 
8 = a Voltaic. — par. 9). 
2 Pulsatory. — 
35 Induced. | Reversed. 
38 Voltaic. J Direct (see par. 11, 1a. 13.10 
E — 8 Undulatory. Dy ; 
af Induced. 1 rect. 
. Reversed (see par. 10). 


Telephonic effects can be 


17. In conclusion, I would say that the different kinds of currents 
described above may be studied optically by means of König's 
manometric capsule.* The instrument, as I have employed it, con- 
sists simply of a gas-chamber closed by a membrane to which is 
attached a piece of clock-spring. When the spring is subjected to 
the attraction of an electro-magnet, through the coils of which a 
“telephonic” current of electricity is passed, the flame is thrown 
into vibration. 

I find the instrument invaluable as a rheometer, for an ordinary 
galvanometer is of little or no use when “telephonic” currents are 
to be tested. For instance, the galvanometer needle is insensitive 
to the most powerful undulatory current when the impulses are 
reversed, and is only slightly deflected when they are direct. The 
manometric capsule, on the other hand, affords a means of testing 
the amplitude of the electric undulations; that is, of deciding the 
— between the maximum and the minimum intensity of 
the current. 


* Konig. .“‘ Upon Manometric Flames,” Phil. Mag., 1873, XLV., No. 297, 298. 
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| 2043 Complainants) Exhibit No, 464, Bel Hand Telephone. (Ges- 
tiona 


| | (Record, page 227.) 


Dimensions: 
Length of permanent magnet ---------- ------------ 41 inches. 
. A — = 
* —. 3 — —— — ö ee 
— 1 ů————— Bea 
40 . QA. ⅛—ͤ̃ʃp . 66 
8 diaphragm (in the clear)...........--.--. 11 
Complainants’ Erhibit No. 47, Bell Hand Telephone with Lengthened 
(Record, page 227.) 


Complainants’ Exhibit No. 48, Bells Harmonic Receiver. 
(Record, page 222.) 
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2044 Dueſen dont Exhibit Bell's Harmonic Caveat. 
(Complainants’ Record, page 1657.) 


To the Commissioner of Patents: 


The petition of Alexander Graham Bell, of Salem, in the county 
of Essex and State of Massachusetts, respectfully represents that 
he —— wre ye soon Rae ntamsgr — ee of transm 2 a 
number o ic messages simu y a single wire, 
= that he is — engaged in — experiments for the purpose 
of perfecti same preparatory to his applyi etters patent 
therefor. He r that the subjoined descripti 07 his 
in vention may be filed as a caveat in the confidential ives of the 
Patent Office, agreeably to the provisions of the act oſ Con in 
that case made and provided, he havin id ten dollars into the 
Treasury of the United States and complied with the other provis- 
ions of the said act. 

And he hereby authorizes Joseph H. Adams, of Boston, Massa- 
chusetts, to act as his attorney in the matter of the said caveat, and 
to receive the certificate of deposit for the same. | 

3 A. GRAHAM BELL. 


The Multiple Telegraph. 
Specification. 


The nature of my invention or discovery consists in the applica- 
tion of acoustical principles to telegraphy so as to permit of the 
simultaneous transmission of a large number of messages along a 
single wire without confusion with one another. 

1 must be made by means of regularly intermittent currents 
of electricity passed along the line wire, and must be distinguished 
from one another by the employment of eleetro-maguets whose 
armatures are capable of vibrating at a definite rate of speed. 

Several messages may be sent simultaneously along a single wire, 
if the signals made for any one message have a certain definite pitch 
different from those employed for the others. 

The signals transmitted for each message will affect onl 
2045 that receiving instrument whose armature, in vibrating, viel 
the pitch employed. . 

By this means any station upon a telegraphic circuit may commu- 
nicate with any other while messages are passing between other 
places on the same line. 

The total number of messages that may be sent simultaneously 
upon the acoustical principle without confusion depends upon the 
number of musical notes that can be found which are not harmonics 
of one another. 

In order that a 4 wire may suffice for communication in both 
directions an induced current is employed. The duplex Spey 
may then be used to double the number of messages possible on 
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2043 Complainants’ Exhibit No. 463, Bell Hand Telephone. (Sec- 
tional View.) 


(Record, page 227.) 


| Dimensions: 
Length of permanent magnet - 41 inches. 
: ... . >. 
0 — — — weaiaipiaibls Bees 
Diameter o 1 C ——. Wiel 5 
| © Giaphhragna . 11 


Complainants’ Exhibit No. * Hand Telephone with Lengthened 


(Record, page 227.) 


Complainants’ Exhibit No. 48, Bells Harmonic Receiver. 
(Record, page 222.) 
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2044 Deſendant Exhibit Bell's Harmonic Caveat. 
(Complainants’ Record, page 1657.) 


To the Commissioner of Patents: : 

The petition of Alexander Graham Bell, of Salem, in the county 
of Essex and State of Massachusetts, respectfully represents that 
he has made certain improvements in the mode of transmitting a 
number of telegraphic messages simultaneously along a single wire, 
and that he is now engaged in making experiments for the purpose 
of perfecting the same preparatory to his applying for letters patent 
therefor. He therefore prays that the subjoined description of his 
invention may be filed as a caveat in the confidential ives of the 
Patent Office, agreeably to the provisions of the act of Congress in 
that case made and provided, he — A vee ten dollars into the 
Treasury of the United States and complied with the other provis- 
ions of the said act. 

And he hereby authorizes Joseph H. Adams, of Boston, Massa- 
chusetts, to act as his attorney in the matter of the said caveat, and 
to receive the certificate of deposit for the same. } 

A. GRAHAM BELL. 


The Multiple Telegraph. 
Specification. 


e 7 

The nature of my invention or discovery consists in the applica- 
tion of acoustical principles to telegraphy so as to permit of the 
simultaneous transmission of a large number of messages along a 
single wire without confusion with one another. 

Signals must be made by means of regularly intermittent currents 
of electricity passed along the line wire, and must be distinguished 
from one another by the employment of electro-magnets whose 
armatures are capable of vibrating at a definite rate of speed. 

Several m may be sent simultaneously along a single wire, 
if the signals made for any one message have a certain definite pitch 
different from those employed for the others. 

The signals transmitted for each message will affect onl 
2045 that receiving instrument whose armature, in vibrating, yiel 
the pitch employed. : 

By this means any station upon a telegraphic circuit may commu- 
nicate with any other while messages are passing between other 
places on the same line. 

The total number of messages that may be sent simultaneously 
upon the acoustical principle without confusion depends upon the 
number of musical notes that can be found which are not harmonics 
of one another. 

In order that a single wire may suffice for communication in both 
directions an induced current is employed. The duplex A age 4 
may then be used to double the number of messages possible on 


acoustical plan. 
The system of multiple velegraphy admits of the employment of 
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relays, and of self-recording instruments. The ordinary Morse 
alphabet may be used. 7 
he instruments I have employed are described in the accompany- 
ing drawings, but there are many other devices by which the same 
results may be accomplished. 
The apparatus required consists of three parts, viz., transmitting 
instruments, transmitting keys, and receiving instruments. 


Transmitting instruments. 


These consist of devices for opening and closing the electrical 
circuit a definite number of times per second. This may be accom- 
plished by the employment of vibrating armatures (consisting of 
metallic plates, or rods, wires, stretched membranes, tuning-forks, 
&c.) revolving cylinders, stringed or wind musical instruments, or 
by the use of other contrivances. 

The intermittent current may also be induced upon the line wire 
by means of a permanent magnet in place of a battery. 


Transmitting keys. 


Any of the keys now in use on telegraph lines may be employed 
for the purpose of directing the electrical vibrations caused by the 
transmitting instrument onto the line wire when signals are to be 
sent. . 


2046 Receiving instruments. 


These consist of electro-magnets, with vibrating armatures having 
definite rates of vibration. ‘ 

The said armatures may be made of any material or materials 
whatever, so long as they are capable of being set in vibration by 
electro-magnets. 

They may consist of tuning-forks, rods, plates, strings, or mem- 
branes, or may take any form capable of definite vibration. 


Arrangement on circuit. 


Each station on a telegraphic circuit is to be provided with a 
number of receiving instruments whose armatures are tuned to dif- 
ferent pitches. Corresponding transmitting instruments and keys 
are to be added. Should a m be passing along the line wire 
an operator at a station can tell from the receiving instrument 
affected what pitch is being employed. He may then sendam 
on the same line by using a transmitting key, which throws vibra- 
tions of a different pitch onto the line wire. 

It may be convenient to assign to each station on a line a distinct 
itch which shall distinguish its signals from those of other places. 
n this case a single transmitting instrument and a key and a com- 

plete set of receiving instruments will suffice for each station. 


History of the invention. 


The idea of a multiple telegraph suggested itself to me from the 
consideration of certain acoustical phenomena. 
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If we press down the pedal of a piano and sing a note the sound 
waves, striking against the strings of the instrument, cause that one 
to resound which corresponds in pitch to the note sung. 

If an electro-magnet is placed over each string and all the mag- 
nets are united in one circuit, a series of electrical impulses, cor-- 
responding in number and regularity to the sounding-waves existing 
in the air, passed along the wire, will cause a similarly regular in- 
termittent attraction to appear at the — and that string whose 
rate of vibration is the same will resound. 

In the one instance all the strings receive a definite num- 
2047 ber of pushes per second from the air; in the other a definite 
number of pulls per second from the magnets. 

As the effect of pulling a string on one side is exactly equivalent 
to pushing it from the other it is evident that whatever phenomena 
result from the action of aerial pulses upon the strings must also 
ensue from attractive impulses from the magnets. However man 
notes are sung simultaneously into the piano each system of soun 
waves affects its corresponding string as readily as if the other sys- 
tems had no existence. Hence, however many different series of 
regular intermittent attractions appear simultaneously at the mag- 
= each one must affect its corresponding string as though it came 

one. : 

It was during the year 1869, or previously, that 1 first realized 
the idea that it was possible, by the employment of vibrating arma- 
tures having definite rates of vibration, to distinguish between sig- 
nals sent simultaneously along the same circuit. 

In the year 1870 the French translation of Helmholtz’s work, 
“Die Lehre von dem Tonempfindungen,” fell into my hands. The 
study of the apparatus by means of which he succeeded in imitating 
vowel sounds gave me my first ideas of a telegraphic instrument 
for the transmission of signals possessing the property of pitch. 
No opportunity, however, offered for experiment until the winter of 
1872-3, when I constructed tk. instrument shown in Fig. 1 on the 
model of Helmholtz’s apparatus. See Théorie Physiologique de 
la Musique, 154, 155, and 510. 

About May, 1873, an illness forced me to leave Boston, and it was 
not till October or November of the same year that I was enabled 
to recommence work upon the multiple-telegraph. 

An article published in the Wonders of Electricity entitled The 
Acoustic Telegraph led me to substitute metallic plates for tuning- 
foaks in my telegraphic experiments. 

Accordingly, in the winter of 1873-4, I constructed the instru- 
ments shown in Figs. IT and III. 

By the commencement of the present year (1874) I had proved 
the practicability of my idea to my own satisfaction, but I felt the 
— of assistance from practical telegraphers in working out the 

details of the invention. 
2048 Finding that I could not protect my invention in, this 
country without becoming an American citizen, I wrote the 
following letter to the Hon. Mr. Scudamore, superintendent of tele- 
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graphs in England, offering to submit the invention to the proper 
authorities there: 
(Copy.) 
“292 Essex STREET, SALEM, Mass., January 10, 1874. 


“Sir: I have invented a method by which a large number of 
telegraphic messages can be sent along the same wire at the same 
time, without confusing with one another. 


A B C D 


* 


“Any station B may communicate freely with any other station 
C while messages are passing from A to D, from D to A, from A 
to C, etc. 

“The possible number of simultaneous messages that can be 
transmitted on this principle may be doubled by the use of the 
duplex system: 

“As I am a British subject I wish to place this idea at the disposal 
of the British government, and, therefore, before making any efforts 
to interest American telegraphers in the scheme, I write to request 
an investigation. 


“ Yours, respectfully, 
“A. GRAHAM BELL, 
“Professor of Vocal Physiology in the University of Boston, Mass. 


1 — —— Scudmore, superintendent of telegraphs, London, Eng- 
and.” | 


An answer was received from the Post Office Department in Lon- 
don, which effectually prevented any further correspondence. It 
was as follows: 


2049 “No. 11566. 
“ GENERAL Post Orricx, 22d January, 1874. 
“Srr: With reference to your letter of the 10th instant, I 
leave to inform you that if you will submit your invention it wi 
be considered, on the understanding, however, that the Department 
is not bound to secrecy in the matter, nor to indemnify you for any 
loss or expense you may incur in the furtherance of your object, 
and that in the event of your method of telegraphy appearing to be 
both original and useful, all questions of remuneration shall rest 
entirely with the Postmaster General. 
“T am, sir, your obedient servant, 
“JOHN TILLEY. 
“No. 164. 


“A. Graham Bell, Esq., 292 Essex street, Salem.” 
I have now taken the necessary steps as required by law to become 


an American citizen, and I desire to file a caveat, in order to protect 


myself while perfecting my invention. 
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What I claim as my ipvention and desire to secure by letters 
patent is: The application of acoustical principles to telegraphy, so 
as to permit of the simultaneous transmission of a large number of 
messages along a single wire without confusion with one another. 

The special point in this invention which I desire to protect is: 
The — — of armatures having definite rates of vibration as 
a means o — — between signals sent separately or simul- 
taneously along the same circuit. 

(The said armatures may be made of any material or materials 
whatsoever, so long as they are capable of being set in vibration by 
electro-magnets. They may consist of tuning-forks, rods, plates, 
strings, or membranes, or may take any form capable of definite 


vibration.) A. GRAHAM BELL. 


2050 Description of Apparatus. 


Fig. I. This diagram illustrates the transmitting and receiving 
instruments constructed by me on the model of Helmholtz’s appa- 
ratus for the artificial production of vowel sounds. (See “ Théorie 
Physiologique de la Musique,” pp. 154 and 510.) 

tuning-fork, F, is placed horizontally between the poles of an 
electro-magnet, E El. A bent platinum wire, W, soldered to the 
upper prong of the fork, dips into the mercury cup M, so as to 
touch the surface of the mercury. The apparatus is connected with 
the transmitting key C. The stem of key K rests against a metallic 
brick, B, which is connected with the Z pole of the battery B. 

The receiving instrument D consists of a tuning-fork, f, placed 
between the poles of the electro-magnet e el. 


Action of the apparatus. 


When the platinum wire W touches the surface of the mercu 
in the cup M, a current traverses the circuit e MWF EI EK BZ. 

The pole P of the electro magnet attracts the upper prong of the 
fork. The platinum wire W is thus lifted out of the mercury and 
the circuit is broken. 

The prong, no longer attracted, falls back and allows the wire W 
once more to dip into the mercury. 

The fork F is thus caused to vibrate continuously, and in so 
doing makesand breakscontact with the mercury in the cup M. The 
result is that a regularly intermittent current, co nding to the 
vibration of the fork F, traverses the circuit e, M, W, F, E, E, K, 


The transmitting instrument A is put into circuit with the line 
hy depressing the key C. The currents of B from Z through 
G to the earth, and from c, through M, W, F, E, E, K, L, to the line 
wire, and thence, through e, el, to the ground at g. 

Thus the intermittent current created by the vibrations of the 
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receiving instrument D, causing a corresponding intermitten: attrac- 
tion at its poles. 
If t the tuning-fork Ff is in unison with the generating fork 

2051 F, it will resound loudly. If, on the other hand, it is dis- 
cordant with F, it will be silent. Supposing f to be in unison 

with F, every time the key C is depressed the tuning-fork f will 
resound. hen the key is raised the vibrations of f speedily die 
away. Thus the signals of the Morse alphabet may be made by the 
key C, and the tuning-fork f will reproduce the signals with the 
pitch due to the vibrations of the fork F. In rapid signaling it 


will be advisable to apply a damper to the fork 0 so as to stop its 
’ 


vibrations the moment the magnetical stimulus has ceased. 

Fig. II. The arrangement of the — shown in this diagram 
is identical with that illustrated in Fig. I. Steel plates are, how- 
ever, substituted for tuning-forks. 

The electro-magnet E, Ei attracts the steel plate P, and the plati- 
num wire W is lifted out of the mercury in the cup M. The circuit 
is broken and the plate falls back to re-establish the current. 

The vibrations of the plate cause an intermittent current to trav- 
erse the circuit c, M, W, F, E, El, K, B, Z. 

On pressing down the key ( the intermittent current passes on to 
the line wire through L and affects the steel plate p of the receiv- 
ing instrument D. | 

A resonator, R, is used to re-enforce the vibrations of the plate p, 
and thus strengthen the signals. 

Fig. III. The apparatus shown in this diagram is similar to that 
illustrated by Fig. l. excepting that the steel plate P vibrates against 
the extremity of a screw, S, instead of making and breaking con- 
tact with a mercury connection. 

Fig. IV shows the arrangement of instruments (similar to those 
illustrated in Fig. II) on a telegraphic circuit. 

A, B, C, &c., N are stations on the line. Each station is pro- 
vided with a number of receiving instruments, R', R, R%, R, &c.. 
and corresponding transmitting instruments TI, I, P, T. &.; keys 
K', K“, K“, K, &c., and batteries B', B, B', B, &c. 

The armatures of the transmitting and receiving instruments that 
are numbered alike have the same pitch. Thus T* of A corresponds 
in pitch to R of A, B, C, &c., N, and to T? of B, C, &e 

The pitches adopted for TI, T?, P, T, &c., are such that T! 
2052 will affect no other receiving instruments than Rl, at any sta- 
tion; T?, no other than R?, &c. 

Examine station A: 

The currents of Bi traverse the circuit ci, TI, 51, g, 21. : 

The currents of B* traverse the circuit c, T?, “, 4 „. 

N oh currents of B* traverse the circuit c*, T°, &, &, b', g, 2, &c., 

Upon depressing the key KI the currents of B' will from 2 
to the earth, and from ci through T., L, and th h all the receiv- 
ing instruments RI, R., R, R, &., of stations A, B, C, &., N, to 
the earth at N. | 
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The receiving instrument Ri at all the stations will respond; the 
other instruments, N, N., R, &c., will remain silent. 

Upon depressing K? of A. Re at all the stations will respond. 

Let K' and K*of A be depressed simultaneously, the two series of 
intermittent currents must pass along the line-wire together to the 
earth at N, and the receiving instruments Ri and N at all the sta- 
tions will be affected. The others, R', R, &c., will remain silent. 

At first glance it would seem as if the electrical impulses thrown 
on to the line at L' by KI (station A) might return by L* through 
K*, I, e, 2, to zi. In order that the currents of Bi should thus inter- 
fere with the currents of B' they must reach T* at the time when 
the platinum wire attached to its armature is in contact with the 
mercury in the connection cup. As, however, the vibrations of 1 
do not accord with those of T? such a coincidence will not happen. 

For similar reasons the intermittent current thrown on to the line- 
wire at L' by K* will not return through Li, XI, &c. 

Let KI of B be depressed. An intermittent current will pass from 
KI through L, and through all the receiving instruments Ri, N, 
R?, R, &c., of stations B, C, &c., N, to the earth at N. 

The current will not pass to station A, because the line-wire is 
not in connection with. the earth at A. 

Depress Kl of A and K“ of B simultaneously. The intermittent 
current from KI of A will be unable to reach the earth through R“ 
of B, because the armature of T? (station B) does not with 

that of ITI (station A). The signals from A can only reach 
2053 the earth at N, so that the receiving instrument Ri of all the 
stations, A, B, C, &c., N, will be affected. 

The intermittent current from K* of B cannot reach the earth at 
A for the reason just stated. Hence it will not pass to A at all, but 
will seek that station N where there is free-earth communication. 

The receiving instrument R? of B, C, &e., N, will be affected. 

The signals made by any transmitting key will pass only in the 
direction of that station N where there is free-earth communication. 

It is evident that with this — two wires are necessary to com- 
plete communication in both directions. | 

The arrangement of instruments on the second line-wire is simi- 
lar to that shown in the diagram (Fig. IV), excepting that station 
A is 2 as N and N as A. f 

Fig. V. This diagram is similar to the lest, excepting in the ar- 
rangement of the batteries. 

As the armatures of I., . T°, T, &€., of any station A do not 
close the circuit at the same time one battery will suffice for each 
station. | 

For the same reason each transmitting instrument will act with 
the full power of the battery. 

Fig. VI illustrates the application of the relay to the multiple 


telegraph. 

The action of the transmitting apparatus has been explained in 
describing Fig. IT. 

A platinum wire is attached to the plate P of the relay, and dips 
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into a mercury cup, M, so as almost to touch the surface of the mer- 
cury. 5 
On depressing the transmitting key an intermittent current passes 


wire g. 
If the plate P corresponds in pitch to the armature A of the trans- 

mitting instrument it will be thrown into regular vibration. 

8. ee it will make and break contact with the mercury in 
e cup M. . 
A fresh intermittent current, similar to that created by the vibra- 


tion n „L, to the 


line-wire; thence through e, 9, to the ground. The plate p 
2054 of the receiving instrument will resound if it is in unison 
with P and A. 

Fig. VII illustrates the arrangement of instrument when an inter- 
mittent current is to be induced upon the line wire. 

A, B. C, D, &c., are stations on the line; R', R, R, &., are receiv- 
ing instruments; KI, X, K, &., keys; 6', “, &, the bridges over the 
keys; B, P, I, &c., induction coils; Al, As, A, &c., vibrating arma- 
tures; M', M*, M, &., mercury cups; Bl, B', B, &c., batteries. 

. —y station C. The currents of B' traverse the circuit ¢, Mi, 

The vibrating armature A' makes and breaks contact with the 
mercury in the cup Mi. | 

An intermittent current is induced in the closed circuit F, &, K., 
I'. The current passes in one direction when contact is made with 
the 2 at Mi and in the 9 direction when the contact is 
broken. Upon depressing the key the induced currents of N pass 
from KI, through the stations B A, to the earth, at N, and from 8’, 
through C, D, &., to the earth, at N. 

Upon depressing any key an induced intermittent current will ap- 

at all the stations on the circuit. Hence, the induced currents 

may be employed for the transmission of signals in either direction. 

have given this diagram for the purpose of showing how the idea 

of using an induced intermittent current originated in my mind, but 

I am well aware that the apparatus as shown in Fig. VII requires 
much oe in — . effective. 3 

ig. „the apparatus that I propose to construct for causing a 

Ri . intermittent induced current on the line wire, is — in 

this diagram. 


Oath. 


County or SurrolLx, State of Massachusetts : 


On this twenty-seventh day of October, A. D. 1874, before me, the 
2 a justice of the peace in and for the coun 
said, 


afore- 


5 the within-named A Gra- 

2055 ham solemn oath that he verily believes him- 
self to be the original and first inventor of the bed 

mode of transmitting a number of simultane- 
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the same was ever before known or used, and that he has resided for 
one year last past within the United States and has made oath of his 
intention to become a citizen thereof. : 
Before me. . 
U. s.] CHARLES E. POWERS, 
Justice of the Peace. 


(Here follows diagram marked p. 2056.) 


2057 Defendants’ Exhibit Gray Caveat. 
(Complainants’ Record, page 1657.) 
Untrep States Patent OFFICE. 
(En Gray, of Chicago, Illinois.) . 
(Transmitting Vocal Sounds Telegraphically. 
To all whom it may concern : 


Be it known that I, Elisha Gray, of Chicago, in the county of Cook 
and State of Illinois, have invented a new art of transmitting vocal 
sounds telegraphically, of which the a a specification : 

It is the object of my invention to transmit the tones of the human 
voice Paes a telegraphic circuit, and reproduce them at the re- 
ceiving end of the line, so that actual conversations can be carried 
on by persons at long distances apart. 

I have invented and nted methods of transmitting musical 
impressions or sounds telegraphically, and my present invention is 
based upon a modification of the principle of said invention, which 
is set forth and described in letters patent of the United States 
—— to me July 27, 1875, respectively numbered 166,095 and 

66,096, and also in an application for letters patent of the United 
States filed by me February 23, 1875. 

To attain the objects of my invention I devised an instrument 
capable of vibrating responsively to all the tones of the human voice, 
and by which they are rendered audible. 

In the accompanying drawings I have shown apparatus embodying 
my improvements in the best way now known to me, but I contem- 

plate various other applications, and also changes in the de- 
2058 tails of construction of the apparatus, some of which would 
obviously suggest themselves to a skillful electrician, or a 
person versed in the science of acoustics, on seeing this application. 

Fig. 1 represents a vertical central section through the transmit- 
ting instrument; 

Fig. 2 a similar section through the receiver: and 

Fig. 3, a di representing the whole apparatus. 

My present belief is that the most effective method of providing 
an apparatus capable of responding to the various tones of the 4 
human voice is a typanum, drum, or diaph stretched across § 

one end of the chamber carrying an apparatus producing fluc- 3 
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tuations in the potential of the electrical current, and consequently 
varying in its power. 

In the drawings the person transmitting sounds is shown as talk- 
ing into a box or chamber, A, across the outer end of which is 
stretched a diaphragm, a, of some thin substance, such as hment 
or goldbeater’s skin, capable of responding to all the vibrations of 
the human voice, whether — or complex. Attached to this 
diaphragm is a light metal , A’, or other suitable conductor of 
electricity, which extends into a vessel, B, made of glass or other. in- 
sulating material, having its lower end closed by a plug, which may 
be of metal, or through which passes a conductor, ö, forming part of 
the circuit. 

This vessel is filled with some liquid possessing high resistance, 
such, for instance, as water, so that the vibrations of the plunger or 
rod A’, which does not quite touch the conductor 6, will cause varia- 
tions in resistance, and, consequently, in the potential of the current 
passing through the rod A’. 

Owing to this construction the resistance varies constantly, in re- 
sponse to the vibrations of the diaphragm, which although — 
lar, not only in their amplitude, but in rapidity, are neverthe 
transmitted, and can, consequently, be transmitted through a single 
rod, which could not be done with a positive make and break of the 
circuit employed, or where contact points are used. 

I contemplate, however, the use of a series of diaphragms in a 

| common vocalizing chamber, each diaphragm carrying an 
2059 independent rod, and responding to a vibration of different 
rapidity and intensity, in which case contact points mounted 

on other diaphragms may be employed. 

The vibrations thus imparted are transmitted through an electric 
circuit to the receiving station, in which circuit is included an elec- 
et of ordinary construction, acting upon a diaphragm, to 
which is attached a piece of, soft iron, and which dia hragm is 
stretched across a receiving vocalizing chamber, c, somewhat similar 
to the corresponding vocalizing chamber A. 

The diaphragm at the receiving end of the line is thus thrown 
into vibration corresponding with those at the transmitting end, and 
audible sounds or words are produced. 

The obvious practical application of my improvement will be to 
enable persons at a distance to converse with each other through a 
— circuit just as they now do in each other’s presence or 
through a speaking tube. 

1 claim as my invention the art of transmitting vocal sounds or 


conversations telegraphically through an electric circuit. 
ELISHA GRAY. 


. Witnesses : 
WILLIAM J. PEYTON. 
WM. D. BALDWIN. 


County of ——, District of Cumbia, 
Elisha Gray, the within-named petitioner, being duly swor 
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sworn, doth 
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depose and say that he verily believes himself to be the original and 
first inventor of the art of transmitting vocal sounds, described in 
the foregoing specification ; that he does not know or believe that 
the same was ever before known or used; and that he is a citizen of 


the United States. 
| ELISHA GRAY. 
eee sworn to before me this fourteenth day of Feb- 
la) JOHN T. ARMS, 
Notary 
2060 ( Petition.) 


To the Commissioner of Paten ts: 

The petition of Elisha Gray, of Chicago, in the county of Cook, 
in the of Illinois, ullly respresents that he he has made 
certain improvements in the art of transmitting vocal sounds tele- 
graphically, and that he is‘now engaged in making experiments for 
the purpose of perfecting the same preparatory to applying for 
letters t therefor. , : 

He therefore prays that the subjoined description of his inven- 
tion may be filed as a caveat in the confidential archives of the Pat- 


ent Office. 
ELISHA GRAY. 
PATENT OFFICE, : 
res 14, 1876. 
3 — 
(Official Stamp. } 
Office Letter. 
Feb. 19, 1876. 
Notice to Caveator. 
Copy sent DEPARTMENT OF THE INTERIOR, 
Feb. 19. . | U. S. Parznr Orricz. 
S. R. A. WasmNOrox, D. 

Sm: You are hereby notified that application has been to 
this office for letters patent for telephonic telegraph, etc., with 
which the invention described in your caveat, filed on fourteenth 

said applica- 


day of February, 1876, apparently interferes, and that 
tion has been ited in the confidential archives of the office 
under provision of sec’t 4902 of the Revised Statutes of the United 
States, which section reads as follows: 

Sec’r 4902. Any citizen of the United States who makes any new 
invention or discovery, and desires further time to mature the same, 
may, on payment of the fees required by law, file in the Patent 

ce a caveat, setting forth the design r 
ing characteristics, and praying protection of his right he 
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shall have matured his invention. Such caveat shall be 
2061 filed in the ene archives rs net office A preserved 
in , an tive for the term of one year 

from the filing thereof, and if application is made within the 
by any other person for a t with which such caveat in 
it the oe. 
e 


any manner interfere the missioner shall deposi 
tion, specification, drawings, and model of such application in li 
manner in the confidential archives of the office, and give notice 
thereof by mail to the person by whom the caveat was filed. If such 
person desires to avail himself of his caveat he shall file his descrip- 
tion, specification, drawings, and model within three months from 
the time of placing the notice in the office in Washington, with 
the usual time required for transmitting it to the caveator added 
thereto, which time shall be indorsed on the notice. An alien shall 
have the privilege herein granted if he has resided in the United 
States one year next preceding the filing of his caveat, and has made 
oath of his intention to become a citizen. 

If you would avail yourself of your caveat it will be necessary for 
you to file a complete application within three months from the date, 
three days additional, however, being allowed for the transmission 


of this notice to your place of residence. 
Very respectfully, R. H. DUELL, 
” Comment 


Elisha Gray, care W. D. Baldwin, present. 


EXaMINER’s Room, No. 118, 
U. S. Patent Orricx, 
_ Wasurneton, D. C., Feb. 19, 1876. 
E. Gray, care W. D. Baldwin: 

In relation to the following notice in relation to your caveat it 
may be well to add that the matters in the app’n referred to seem to 
conflict with your caveat in these particulars, viz: 

Ist. The receiver set into vibration by undulatory currents. 

2d. The method of producing the undulations by varying the 

resistance of the circuit. 
2062 34d. The method of transmitting vocal sounds telegraphi- 
cally by causing these 1 currents, etc. 3 


F. WILBER, Examiner. 
Office Letter. 
Feb. 25, 1876. 
Copy sent EXAMINER’s Room, No. 118, 
Feb. 25. U. S. Patent Orricx, 
S. R. A. Wasuinearton, D. C., Feb. 25, 1876. 


E. Gray, care W. D. Baldwin, present: 
Caveat for art of transmitting vocal sounds telegraphically. 
| Fes. 14, 1876. 
The notice to complete, have been given under a misapprehension 
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$10 mail. 


Memorandum of fee paid at 
U. S. Patent Office. 
Paper will be filed to-day. 

Inventor, 
E. Gray. 
Caveat. 
Invention, 


a sn telegraphically. 


Feb. — 
110 
Solicitor, 
Wm. D. Baldwin. 


Patent Office, 
Feb. 14, 1876. 
U. 8. A. 


2063 (File- Wrapper.) 
1876. 


County o Cook — — —¾ 
— „„ 8 


Art of transmitting vocal sounds telegrapically. 
Need Feb. 14, 1876 enn 
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W. D. BALDWIN, Present. 


1. Letter to caveator, Feb’y 19, 1876. (Notice to complete.) 
2. Letter, Feb’y 25, 1876. 
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you to file a complete app 


(Office Letter.) 


(Sept. 20. 1877.) 
Copy sent DEPARTMENT OF THE INTERIOR, 
Sept. 20, 1877. U. S. Patent OFFICE, 
M. E. S. Wasuinerton, D. C., Sept. 20, 1877. 


Elisha Gray, care Baldwin, Hopkins & Peyton, present. 

Sra: You are hereby notified that application has been made to 
this office for letters patent for speaking telegraph, involving the 
use of a series of y oad mane in a common vocalizing chamber with 
which the invention described in your caveat, filed on the four- 
teenth day of February, 1876, renewed Feb. 14, 1877, apparently in- 
terferes, and that said application has been deposited in the confi- 
dential archives of the office, under provisions of section 4902 
2 — Revised Statutes of the United States, which section reads as 

s: 

Secrion 4902. Any citizen of the United States who makes any 
new invention or discovery, and desires further time to mature the 
same, may, on payment of the fees required by law, file in the 
Patent Office a caveat, setting forth the design thereof, and of its 
1 characteristics, and praying protection of his right 
until be shall have matured his invention. Such caveat shall be 
filed in the confidential archives of the office and preserved in 
secrecy, and shall be operative for the term of one year from the filing 
thereof, and if application is made within the year by any other 

for a nt with which such caveat would in any manner 
interfere the Commissioner shall deposit the description, specifica- 
tion, drawings, and model of such application in like manner in the 
confidential archives of the office, and give notice thereof by mail 
to the person by whom the caveat was filed. If such person desires 
to avail himself of his caveat he shall file his description, specifica- 
tion, drawings, and model within three months from the time of 
placing the notice in the post office in Washington, with the 
2065 usual time required for transmitting it to the caveator added 
thereto, which time shall be endorsed on the notice. An 
alien shall have the privilege herein granted if he has resided in 
the United States one _ next preceding the filing of his caveat, 
and has made oath of his intention to become a citizen. 
If you would avail yourself of your caveat it will be necessa r 
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three days additional, however, being allowed for the transmission 
of this notice to your place of residence. 
Very y. 6 ELLIS SPEAR, 
Q 0 * of N 9 t 


Memorandum of fee paid at 
U. 8. Patent Office. 10 


$10 Elisha Gray. 
Renewal of caveat, 
Filed Feb. 14, 1876. 


$10. 
Wm. D. Baldwin, 
licitor, 
Present. 


Parent Orion, 
Feb. 14, 1877. 
U. 8. A. 5 
{ (Official stamp.) 


2066 (File Wrapper.) 

48 1877. 

8 Wilber. 
5 Ist. Renewal of caveat of Feb. 14, 1876. 
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2067 Defendants’ Exhilit Bells London Lecture Complete. 
Extracts of Proceedings of the Society of Telegraph Engineers. 


Special general meeting held at 25 Great George street, Westminster’ 
on Wednesday, the 3ist October, 1877. Prof. Abel, C. B., F. R. 
S., president, in the chair. 


The PresipEent: Gentlemen, the Council of the Society of Tele- 
graph — felt that they were sure of doing what the mem- 
rs would consider riglit in summoning a special meeting for the 
twofold purpose of giving a welcome to Professor Bell to this country 
and affording the members an opportunity of hearing from him an 
account, which he has been so good as to promise to give us, of the 
nature, history, and development of what may well be called one 
of the most interesting discoveries of our age. Our time is very 
recious this evening. We all desire to hear ae Professor 
ll can tell us on this subject, and many gentlemen will probably 
desire afterwards to ask questions or discuss the subject, for I see 
present a great number of eminent scientific men. I will not waste 
another moment, but at once call upon Professor Bell to commence 
his discourse on the Electric Telephone. 


Researches in Electric Telephony, by Professor Alexander Graham Bell. 


Proressor BELL: Mr. President and gentlemen of the Society of 
Telegraph Engineers. It is to-night my pleasure, as well as duty, 
to give you some account of the telephonic researches in which I 
have been so long engaged. Many years ago my attention was 

directed to the mechanism of speech by my father, Alexander 
2068 Melville Bell, of Edinburgh, who has made a life-long study 

of the subject. Many of those present may recollect the in- 
vention by my father of a means of representing, in a wonderfully 
accurate manner, the positions of the vocal organs in forming sounds. 
Together we carried on quite a number of experiments, seeking to 
discover the correct mechanism of English and foreign elements of 
speech, and I remember especially an investigation in which we 
were engaged concerning the musical relations of vowel sounds. 
When vowel sounds are whispered each vowel seems to “ae wag u 
particular pitch of its own, and by whispering certain vowels in suc- 
cession a musical scale can be distinctly perceived. Our aim was to 
determine the natural pitch of each vowel, but unexpected diffi- 
culties made their appearance, for many of the vowels seemed to 
possess a double pitch—one due probably to the resonance of the air 
in the mouth, and the other to the resonance of the air contained 
— the cavity behind the tongue, comprehending the pharynx and 
arynx. 

I hit upon an experiment for determining the pitch which at that 
time | thought to be original with myself. It consisted in vibratin 
a tuning-fork in front of the mouth, while the positions of the voca 
organs for the various vowel sounds were silently taken. It was 
found that each vowel position caused the re-enforrement of some 
particular fork or forks. 
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I wrote an account of these researches to Mr. Alex. J. Ellis, of 
London, whom I have very great pleasure in seeing here to-night. 
In reply he informed me that the experiments related had already been 
127 by Helmholtz, and in a much more perfect manner than 

had done. Indeed, he said that Helmholtz had not only analyzed 
the vowel sounds into their constituent musical elements, but had 
actually 7 the synthesis of them. 

He had succeeded in producing artificially certain of the vowel 
sounds by causing tuning-forksof different pitch to vibrate simultane- 
ously by means of an electric current. Mr. Ellis was kind enough 
to grant me an interview for the purpose of explaining the apparatus 
employed by Helmholtz in producing these extraordinary effects, and 
I spent the greater part of a delightful day with him in investigat- 

ing the subject. At that time, however, I was too slightly 
2069 acquainted with the laws of electricity fully to understand 
the explanations given ; but the interview had the effect of 
arousing my interest in the subjects of sound and electricity, and 1 
did not rest until I had obtained possession of a copy of Helmholtz’s 
t work,* and had atttempted, in a crude and imperfect manner, 
it 1s true, to reproduce his results. While reflecting upon the — 
bilities of the production of sound by electrical means, it struck me 
that the principle of vibrating a tuning-fork by the intermittent 
attraction of an electro-magns; might be applied to the electrical 
production of music. a 

I imagined to myself a series of tuning-forks of different pitches, 
— to vibrate automatically in the manner shown by Helm- 
holtz, each fork interrupting at every vibration a voltaic current; 
and the thought occurred, Why should not the —— of a key 
like that of a piano direct the interrupted current from any one of 
these forks through a telegraph wire to a series of electro-magnets 
operating the strings of a piano or other musical instrument, in which 
case a person might play the tuning-fork piano in one place and the 
music be audible from the electro-magnetic piano in a distant city? ” 

The more I reflected upon this arrangement the more feasible did 
it seem to me; indeed, I saw no reason why the depression of a num- 
ber of keys at the tuning-fork end of the circuit should not be fol- 
lowed by the audible production of a full chord from the piano in 
the distant city, each tuning-fork affecting at the receiving end that 
string of the piano with which it was in unison. At this time 
the interest which I felt in electricity led me to study the various 
systems of telegraphy in use in this country and in America. I 
was much struck with the simplicity of the Morse alphabet, and 
with the fact that it could be read by sound. Instead of having the 
dots and dashes recorded upon paper, the operators were in the 
habit of observing the duration of the click of the instruments, and 
in this way were enabled to distinguish by ear the various signals. 

, It struck me that in a similar manner the duration of a 
2070 musical note might be made to represent the dot or dash of 
the telegraph code, so that a person might operate one of the 


Die Lehre von dem Tonempfindungen. (English translation by Alex- * 
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keys of the tuning-fork piano referred to above, and the duration 
of the sound proceeding from the corresponding string of the dis- 
tant piano be observed by an operator stationed there. It seemed 
to me that in this way a number of distant telegraph = 
might be sent simultaneously from the tuning-fork piano to the 
other end of the circuit by operators each manipulating a different 
key of the instrument. These messages would be read by operators 
stationed at a distant piano, each receiving operator listening for 
signals of a vertain definite pitch, and ignoring all others. In this 
way cuuld be accomplished the simultaneous transmission of a 
number of telegraphic messages along a single wire, the number 
being limited only by the delicacy of the listener’s ear. The idea 
of increasing the carrying power of a telegraph wire in this way 
took complete possession of my mind, and it was this practical end 
that I had in view when I commenced my researches in electric 
telephony. 

In the p of science it is universally found that complexit 
leads to simplicity, and in narrating the history of scientific researc 
it is often advisable to begin at the end. 

In glancing back over my own researches I find it necessary to 
designate by distinct names a variety of electrical currents by means 
of which sounds can be produced, and I shall direct your attention 
to several distinct species of what may be termed “ telephonic” cur- 
rents of electricity. In order that the peculiarities of these currents 
may be clearly understood I shall ask Mr. Frost to project upon the 
screen a graphical illustration of the different varieties. 

The graphical method of representing electrical currents here 
shown is the best means I have been able to devise of studying in 
an accurate manner the effects “se ＋·—·[„ by various forms of tele- 
phonic apparatus, and it has led me tothe conception of that 
peculiar species of telephonic current here designated as undulatory, 
which has rendered feasible the artificial production of articulate 
speech by electrical means. 3 
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A horizontal line (9 g’) is taken as the zero of current, and im- 
pulses of positive electricity are represented above the zero line, and 
negative impulses below it, or vice versa. 

e vertical thickness of any electrical impulse (b or d), measured 
from the zero line, indicates the intensity of the electrical current at 
the point observed, and the horizontal extension of the electric line 
(6 or d) indicates the duration of the impulse. 

Nine varieties of telephonic currents may be distinguished, but it 
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will only be necessary to show you six of these. The three primary 
varieties designated as intermittent, “pulsatory,” and “undula- 
3 are represented in lines 1. 2, and 3. 

ub- varieties of these can be distinguished as direct or re- 


versed currents according as the electrical impulses are all of one 


kind or are alternately positive and negative. “ Direct” currents 
may still further be distinguished as positive or negative, ac- 
cording as the impulses are of one kind or of the other. 

Ah intermittent current is characterized by the alternate presence 
and absence of electricity upon the circuit. 

A pulsatory current results from sudden or instantaneous changes 
in the intensity of a continuous current; and | 

An undulatory current is a current of electricity, the intensity of 
which varies in a manner proportional to the velocity of the motion 
of particle of air during the production of a sound ; thus the curve 
representing graphically the undulatory current for a simple musical 
tone is the curve expressive of a simple pendulous vibration ; that 

is, a sinusoidal curve. 
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And here I may remark that, although the conceptiom of the un- 
dulatory current of electricity is entirely original with myself, 
methods of producing sound by means of intermittent and pulsatory 
currents have long been known. For instance, it was long since 
discovered that an electro-magnet gives forth a decided sound when 


it is sudden! ized or demagnetized. When the circuit upon 
which it is placed is — made and broken a succession of explo- 
sive noises proceeds from the magnet. These sounds produce upon 


the ear the effect of a musical note when the current is interru a 
sufficient number of times per second. The discovery of “Galvanic 
Music,” by Page,* in 1837, led inquirers in different parts of the world 
almost simultaneously to enter into the field of telephonic research ; 
and the acoustical efforts produced by magnetization were carefully 


. @. Page. “The Production of Galvanic Music.” Silliman’s Journ., 1887, 
xxxii. p. 306, Silliman’s wre mig 854; Silliman’s Journ., 1888, Iii. p. 
118; Bibl. Univ. (new series), 1839, ii. p. 
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studied by Marrian,* Beatson, Gassiot, f De la Rive,§ Matteucci.,|| 
2073 Guillemin, J Wortheim,** Wartmann, f Janniar,t{ Joule, 55 
Laborde, i Legat, IJ Reis,“ “ Poggendorf,t++ Du Moncel, 11 
Delezen ne, 555 and others. IIHH It should also be mentioned that 
Gore N obtained loud musical notes from mercury, accompanied 
by singularly beautiful crispations of the surface during the course 
of experiments in electrolysis; Page**** produced tausical tones 
from Trevelyn’s bars by the action of the * — current; and fur- 
ther it was discovered by Sullivantttt that a current of electricity is 
generated by the vibration of a wire composed partly of one metal 
and partly of another. The current was produced so long as the wire 
emitted a musical note, but stopped immediately upon the cessation 
of the sound. 
2074 For several years my attention was almost exclusively di- 
rected to the production of an instrument for making and 
breaking a voltaic circuit with extreme rapidity, to take the place 
of the transmitting tuning-fork used in Helmholtz’s researches. I 
will not trouble you with the description of all the various forms of 


* J. P. Marrian. Phil. Mag., xxv. p. 382; Inst. 1845, p. 20; Arch. de Electr., v. p. 
195. 

1. Beatson. Arch. de I Electr., v. p. 197; Arch. de Se. Phys. et Nat. (2d series), 
ii. p. 113. 

J sio See ‘+ Treatise on Electricity,” by De la Rive, i. p. 300. 

De la Rive. Treatise on Electricity, i. p. 800; Phil. Mag., xxxv. p. 422; Arch. de 
I’Electr., v. p. 200; Inst. 1846, p. 83; Comptes Rendus, xx. p. 1287; Comp. Rend., 
xxii. p. 482; Pogg. Ann., Ixxvi. p. 637; Ann. de Chim. et de Phys., xxvi. p. 158. 

attencci. Inst., 1845, p. 315; Arch. de 1’Electr., v. 389. 
8 Comp. Rend. xxii. p. 264; Inst. 1846. p. 30; Arch. d. Se. Phys. (2d 
series), i. p. 191. 

228 ertheim. Comp. Rend. xxii. pp. 336, 544; Inst. 1846, pp. 65, 100; FBS: 
Ann. Ixviii. p. 140; Comp. Rend. Xvi. p. 505; Inst. 1848, p. 142; Ann. de Chim. 
et de Phys. xxiii. p. 302; Arch. d. Sc. Phys. et Nat. viii. p. 206; Pogg. Ann. IXxvii. 
p. 43; Ber. iv. p. 121. 

tt Elie Wartmann. Comp. Rend. xxii. p. 544; Phil. Mag. (3d series), xxviii. p. 
544; Arch. d. Sc. Phys. et Nat. (2d series), i. p. 419; Inst. 1846, p. 290; Monatecher 
d. Berl. Akad. 1846, p. 111. 

tt Janniar.. Comp. Rend. xxiii. p. 319; Inst. 1846, p. 269; Arch. d. Se. Phys. et 
Nat. Le series), ii. 12 394. 

J. P. e. Phil. 4 xxv. pp. 76, 225; Berl. Ber. iii. p. 489. 

Laborde. Comp. Rend. I. p. 692; Cosmos, xvii. p. 514. 

Legat. Brix. Z. S. ix. p. 125 
5 Reis. ‘‘Téléphonie.”” Polytechnic Journ. elxviii. p. 185; Bottger's Notizbl. 


ttt J. C. Poggendorff. Pogg. Ann. xcviii. p. 192; Berliner Monateber, 1856, p. 188; 
Cosmos, ix. p. 49. Berl. Ber. xii. 2 241 10 Pogs. Ann. IxxxXvii, p. 189. * 
25; also, iti. 


p. 83. 
Delezenne. ‘Sound produced by Magnetization,” Bibl. Univ. (new series), 1841, 


lj See London Journ. xxxii. p. 402; Polytechnic Journ. cx. p. 16; Cosmos, iv. p. 
43; Glosener —— Truité général, &c. p. 350; Dov.-Re vi. p. 58; Pogg. Ann. 
xliii. p. 411; Berl. Ber. i. p. 144; Arch. d. Sc. Phys. et Nat, xvi. p. 406; Kuhn’s En- 
“eat Gor der Physik, pp. 1014-1021. 

More. Proceedings of Royal Society, xii. p. 217. 


2 G. G. Pog>. ‘ Vibration of Trevelyn’s bars by the Galvanic Current.“ Silli- 
man’s Journal, 1850, ix. pp. 105-108. 

Sullivan. ‘Currents of Electricity produced by the Vibration of Metals.“ 
Phil. Mag. 1845, p. 261; Arch. de I’Blectr. x. p. 480. 
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apparatus that were devised, but will merely direct your attention to 
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one of the best of them, shown in Fig. 2. In the transmitting in- 
strument T a steel reed, a, is employed, which is kept in continuous 
vibration by the action of an electro-maguet, e, and local battery. 
In the course of its vibration the reed strikes alternately against 
two fixed points, m /,and thus completes alternately a local and a 
main circuit. When the key K is depressed an intermittent current 
from the main battery B is directed to the line wire W, and 
through the electro-magnet E of a receiving-instrument, R, at the 
distant end of the circuit, and thence to the ground G. The steel 
reed A is placed in front of the receiving magnet, and when its nor- 
mal rate of vibration is the same as the reed of the transmitting 
instrument it is thrown into powerful vibration, emitting a musical 
tone of a similar pitch to that produced by the reed of the trans- 
mitting instrument, but if it is normally of a different pitch it re- 
mains silent. 

A glance at Figs. 3, 4, and 5 will show the arrangement of such in- 
struments upon a telegraphic circuit, designed to enable a number of 
telegraphic despatches to be transmitted simultaneously along 
the same wire. The transmitters and receivers that are numbered i 
7 alike have the same pitch or rate of vibration. Thus the reed of T’ 

is in unison with the reeds T’ and R’ at all the stations upon the 
circuit, so that a telegraphic despatch sent by the manipulation 
of the key K’ at the station shown in Fig. 3 will be received upon 


Fig. 2. 
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the receiving instruments K“ at all the other stations upon 
2076 the circuit. Without going into details, I shall merely say 

that the great defects of this plan of multiple telegraphy were 
found to consist, firstly, in the fact that the receiving operators were 
required to a good musical ear in order to discriminate the 
signals; and secondly, that the signals could only pass in one:direc- 
tion along the line (so that two wires would be necessary in order to 
complete communication in both directions). The first objection 
was got over by employing the device which I term a vibratory 
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circuit-breaker,” shown in the next diagram, whereby musical sig- 
nals can be automatically recorded. 3 

Fig 6 shows a receiving instrument R, with a vibratory circuit- 
breaker, v, attached. The light spring lever v overlaps the free end 
of the steel reed A, and normally closes a local circuit, in which may 
be placed a Morse sounder or other telegraphic apparatus. When 
the reed A is thrown into vibration by the passage of a musical 
signal the 28 v isthrown upwards, opening the local cireuit 
at the point 5. When the spring arm v is so arranged as to have 
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normally a much slower rate of vibration than the reed A! the local 
circuit is found to remain permanently open during the vibration of 
A, the spring arm v coming into contact with the point 5 only upon 
the cessation of the receiver’s vibration. Thus the signals produced 
by the vibration of the reed A are reproduced upon an ordinary tele- 
graphic instrument in the local circuit. | 

ig. — the application of electric telephony to autographic 
telegraphy. 

Tele, represent the reeds of transmitting instruments of dif- 
ferent pitch ; R R', etc., the receivers at the distant station of corre- 
sponding pitch, and r , etc, the vibratory circuit-breakers attached 
to the receiving instruments and connected with metallic bristles 

(21) resting on chemically-prepared paper P. The message 
2077 
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or picture to be copied is written upon a metallic surface, Fo, with 
non-metallic ink, and placed upon a metallic cylinder, 7, connected 
with the main battery B; and the chemically-prepared paper P, 
upon which the m e is to be received, is placed upon a metallic 
cylinder connected with the local battery B’ at the receiving station. 
When the cylinders at either end of the circuit are rotated in the 
direction of the arrows, but not necessarily at the same rate of speed, 
a fac-simile of whatever is written or drawn upon the metallic surface 
F o appears upon the — — paper P. a 

The method by means of which the musical signals may be sent 
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simultanéously in both directions — the same circuit is shown 
in our next illustration, Figs. 8, 9, and 10. The arrangement is 
similar to that shown in Figs. 3, 4, and 5, excepting that the inter- 
mittent current from the transmitting instruments is passed through 
the primary wires of an induction coil, and the receiving instru- 
ments are placed in circuit with the secondary wire. In this way 
free earth communication is secured at either end of the circuit, and 
the musical signals produced by the —— of any key are re- 
ceived at all the stations upon the line. The great objection to this 
plan is the extreme complication of the parts and the necessity of em- 
ploying local and main batteries at every station. It was also found by 
practical experiment that it was difficult, if not impossible, upon 
.either of the plans here shown to transmit simultaneously the num- 
ber of musical tones that theory showed to be feasible. Mature con- 
sideration revealed the fact that this difficulty lay in the nature of 
the electrical current employed, and was finally obviated by the in- 
vention of the undulatory current. : 
2079 It is a strange fact that important inventions are often 
made alniost simultaneously by different persons in different 
of the world, and the idea of multiple telegraphy as developed 
in the preceding diagrams seems to have occurred independently to 
no less than four other inventors in America and Euro 
the details of the arrangements upon circuit shown in Fi 
and 8, 9, 10, are extremely similar in the plans pro by Mr. 
Cromwell Varley, of London ; Mr. Elisha Gray, of Chi Mr. Paul 
La Cour, of Copenhagen, and Mr. Thomas Edison, of Newark, New 
Jersey. Into the question of priority of invention, of course, it is 
not my intention to go to-night. 

That the difficulty in the use of my intermittent current may be 
more clearly understood, I shall ask you to accompany me in m 
explanation of the effect produced when two musical signals of dif- 
ferent pitch are simultaneously directed along the same circuit. 
Fig. 11 shows an arrangement whereby the aa’ of two trans- 
mitting instruments are caused to interrupt the current from the 
same battery, B. We shall suppose the musical interval between 
two reeds to be a major third, in which case their vibrations are in 
the ratio of 4 to 5, i. e., 4 vibrations of a4 are made in the same time 
as 5 vibrations of a’. A“ and B* represent the intermittent currents 
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produced, 4 impulses of F being made in the same time as 5 im- 
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pulses of A*. The line A* + F represents the resultant effect upon 
the main line when the reeds a and a! are simultaneously ca to 
make and break the same circuit, and from the illustration you will 
ive that the resultant current, whilst retaining a uni- 
2080 form intensity, is less interrupted when both reeds are in 
operation than when one alone is employed. By carrying 
your thoughts still further you will understand that when a large 
number of reeds of different pitch or of different rates of vibration 
are simultaneously making and breaking the same circuit the re- 
sultant effect upon the main line is practically equivalent to one 
continuous current. 

It will also be understood that the maximum number of musical 
signals that can besimultaneously directed along a single wire without 
conflict depends very much upon the ratio which the “ make ” bears 
to the break; the shorter the contact made, and the longer the 
break, the greater the number of signals that can be transmitted 
without confusion, and vice versa. The apparatus by means of which 
this theoretical conclusion has been verified is here to-night, and 
consists of an ordinary parlor harmonium, the reeds of which are 
operated by wind in the usual manner. In front of each reed is 
arranged a metal screw, against which the reed strikes in the course 
of its vibration. By adjusting the screw the duration of the con- 
tact can be made long or short. The reeds are connected with one 
pole of a battery, and the screws against which they strike commu- 
nicate with the line-wire, so that intermittent impulses from 
the battery are transmitted along the line-wire during the vibration 
of the reeds. 

We now proceed to the next illustration. Without entering into 
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the details of the calculation you will see that with a pulsatory cur- 
rent the effect of transmitting musical signals simultaneously is 
nearly equivalent to a continuous current of minimum intensity 
(see A* + B*, Fig. 12); but when undulatory currents afe em- 
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loyed the effect is different (see Fig. 13). The current from the 
asters B is thrown into waves by the inductive action of iron 
or steel reeds M M', vibrated in front of electro-magnets e e, placed 
in circuit with the battery. A“ and B* represent the undulations 
caused in the current by the vibration of the magnetized bodies, and 
it will be seen that there are four undulations of B* in the same time 
as five undulations of A*. The resultant effect upon the main line 
is expresssed by the curve AF, which is the algebraical sum of 
the sinusoidal curves A* and B*. A similar effect is produced when 
reversed undulatory currents are employed, as shown in Fig. 14, 
where the current is produced by the vibration —ů— mag - 
nets M M’ in front of electro-magnets (e ), united upon a circuit 
without a voltaic battery. It will be understood from Figs. 13 and 
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14 that the effect of transmitting musical signals of different 
simultaneously along a single wire is not to obliterate the vi 
character of the current, as in the case of intermittent and 
currents, but to change the shapes of the electrical 
In fact, the effect produced upon the current is precisely ana 
the effect produced in the air by the vibration of the inducing bodi 

M M’. Hence it should be possible to transmit as many musical 
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tones simultaneouly through a telegraph wire as through 
2083 theair. The possibility of using undulatory currents for the 
purposes of multiple telegraphy enabled me to dispense en- 
tirely with the — arrangements of the circuit shown in 


_ Figs. 3 4, 5, and 8, 9, 10, and to employ a single battery for the 
whole circuit, retaining only the receiving instruments formerly 
shown. This arrangement is represented in Figs. 15, 16, and 17. 
Upon vibrating the steel reed of a receiver, R R’, at any station by 
any mechanical means the corresponding reedsat all the otherstatio 


are thrown into vibration, reproducing the signal. By attaching 3 
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in Fig. 19, the si can be produced without the aid of a battery. 

I have formerly stated that Helmholtz was enabled to produce 

„ vowel sounds artificially by combining musical tones of different 
pitches and intensities. His apparatus is shown in Fig. 18. Tun- 


the steel reeds to the — of a powerful permanent magnet, as shown 
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ing-forks of different pitch are placed between the poles of electro- 
magnets (a“, a*, etc.), and are kept in continuous vibration by the 
action of an intermittent current from the fork 6. Resonators, 1 2 
3, etc., are arranged so as to re-enforce the sounds, in a greater or 
less d , according as the exterior orifices are enlarged or con- 
tra . 

Thus it will be seen that upon Helmholtz’s plan the tuning-forks 
themselves produce tones of uniform intensity, the loudness being 
varied by an external re-enforcement; but it struck me that the 

same results would be obtained, and in a much more perfect 
2084 manner, by causing the tuning-forks themselves to vibrate 

with different degrees of amplitude. I therefore devised the 
apparatus shown in Fig. 19, which was my first form of articulating 
po epee In this figure a harp of steel rods is employed attached 
to the poles of a permanent magnet, NS. When any one of the 
rods is thrown into vibration an undulatory current is produced in 
the coils of the electro-magnet E, and the electro-magnet E’ attracts 
the rods of the harp H’ with a varying force, throwing into vibration 
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*The full description of this figure will be found in Mr. Alexander J. Ellie's trans- 
lation of Helmholtz’s work, of Tone. 
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that rod which is in unison with that vibrated at the other end of the 
circuit. Not only so, but the amplitude of vibration in the one will 
determine the amplitude of vibration in the other, for the intensity 
of the induced current is determined by the amplitude of the induc- 
ing vibration, and the amplitude of the vibration at the receiving 
end depends upon the intensity of the attractive impulses. When 
we sing into a piano certain of the strings of the instrument are set 
in vibration sympathetically by the action of the voice with different 
degrees of amplitude, and a sound, which is an approximation to 
the vowel uttered, is produced from the piano. Theory shows that 
had the piano a very much larger number of strings to the octave 
the vowel sounds would be perfectly reproduced. My idea of the 
action of the apparatus, shown in Fig. 19, was this: Utter a sound 
in the neighbourhood of the harp H, and certain of the rods would 
be thrown into vibration with different amplitudes. At the other 
end of the circuit the corresponding rods of the harp H/ would 
vibrate with their proper relations of the force, and the timbre of 
the sound would be reproduced. The expense of constructing such 

an apparatus as that shown in Fig. 19 deterred me from 
2085 making the attempt, and I sought to simplify the apparatus 

before venturing to have it made. 

I have before alluded to the invention by my father of a system 
of physiological symbols for representing the action of the vocal 
organs, and I had been invited by the Boston Board of Education to 
conduct a series of experiments with the system in the Boston School 
for the Deaf and Dumb. It is well known that deaf-mutes are dumb 
merely because they are deaf, and that there is no defect in their 
vocal organs to incapacitate them from utterance. Hence it was 
thought that my father’s system of pictorial symbols, popularly 
known as visible speech, might prove a means whereby we could 
teach the deaf and dumb to use their vocal organs and to speak. 
The great success of these experiments urged upon me the advisa- 
bility of devising methods of exhibiting the vibrations uf sound 
optically for use in — the deaf and dumb. For some time I 
carried on experiments with the manometric capsule of Konig, and 
with the phonautograph of Leon Scott. The scientific apparatus in 
tlie Institute of Technology in Boston was freely placed at my dis- 
posal for these experiments, and it happened that at that time a 
student of the Institute of Technology, Mr. Maurey, had invented 
an improvement upon the phonautograph. He had succeeded in 
vibrating by the voice a stylus of w about a foot in length 
which was attached to the membrane of the phonautograph, and 
in this way he had been enabled to obtain enlarged tracings upon 
a plane surface of smoked glass. With this —— I succeeded 
in producing very beautiful tracings of the vibrations of the air 
for vowel sounds. Some of these tracings are shown in Fig. 20. 
I was much struck with this improved form of apparatus, and it 
occurred to me that there was a remarkable likeness between the 
manner in which this piece of wood was vibrated by the mem- 
braneof the phonautograph and the manner in which the ossiculz 
of the human ear were moved by the tympanic membrane. I de- 
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| termined, therefore, to construct a phonautograph modelled still more 
closely upon the mechanism of the human ear, and, for this 
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yurpose, I sought the assistance of a distinguished aurist in Boston, 
Dr. Clarence J. Blake. He suggested the use of the human ear it- 
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self as a phonautograph, instead of making an artificial imitation 
of it. The idea was novel, and struck me accordingly, and I re- 

quested my friend to =~ re a specimen for me, which he did. 
2087 The apparatus as finally constructed is shown in Fig. 21. 

The stapes was removed and a stylus of hay about an inch in 
length was attached to the end of the incus. Upon moistening the 
membrana tympani and the ossiculz with a mixture of glycerine 
and water, the necessary mobility of the parts was obtained, and 
upon singing into the external artificial ear the stylus of hay was 
thrown into vibration, and tracings were obtained upon a plane 
surface of smoked glass passed rapidly underneath. While engaged 
in these experiments I was struck with the remarkable dispropor- 
tion in weight between the membrane and the bones that were 
vibrated by it. It occurred to me that if a membrane as thin as 
tissue paper could control the vibration of bones that were, com- 
pared to it, of immense size and weight, why should not a larger 
and thicker membrane be able to vibrate a piece of iron in front of 
an electro-magnet, in which case the complication of steel rods 
shown in my first form of telephone, Fig. 19, could be done away 
with, and a single piece of iron attached to a membrane be placed 
at either end of the telegraphic circuit. 


Fig. 22 shows the form of apparatus that I was then employing 
for producing undulatory currents of electricity for the purposes of 
multiple telegraphy. A steel reed, A, was clamped firmly by one 
extremity to the uncovered leg h of an electro-magnet, E, and the 
free end of the reed projected above the covered leg. When the 
reed A was vibrated in any mechanical way the battery current was 
thrown into waves, and electrical undulations traversed the circuit 
B EW E,, throwing into vibration the corresponding reed A’ at 
the other end of the circuit. I immediately proceeded to put my new 
idea to the test of practical experiment, and for this purpose I at- 


2088 


tached the reed A (Fig. 23) loosely by one extremity to the uncov- 
ered pole h of the magnet, and fastened the other extremity to the 
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centre of a stretched membrane of goldbeater’s skin, n. I presumed 
that upon speaking in the neighborhood of the membrane u it would 
be thrown into vibration and cause the steel reed A to move in a 


similar manner, occasioning undulations in the electrical current 


that would correspond to the changes in the density of the air dur- 
ing the — of the sound ; and I further thought that the 
change of intensity of the current at the receiving end would cause 
the magnet there to attract the reed A’ in such a manner that it 
should copy the motion of the reed A, in which case its movements 
would occasion a sound from the membrane n’ similar in timbre to 
that which had occasioned the original vibration. 

The results, however, were unsatisfactory and discouraging. My 
friend, Mr. Thomas A. Watson, who assisted me in this first experi- 
ment, declared that he heard a faint sound proceed from the telephone 
at his end of the circuit, but I was unable to verify his assertion. 
After many experiments, attended by the same only partially success- 
ful results, I determined to reduce the size and weight of the spring as 
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much as possible. For this purpose I glued a piece of clock-spring, 
about the size and shape of my thumb-nail, firmly to the centre of 
the diaphragm, and had a similar instrument at the other end (Fig. 

50 ; we were then enabled to obtain distinctly audible effects. 
2089 I remember an experiment made with this telephone, which 

at the time gave me great satisfaction and delight. One of 
the telephones was placed in my lecture-room in the n Uni- 
versity and the other in the basement of the adjoining . building. 
One of my students repaired to the distant telephone to observe the 
effects of articulate speech, while I uttered the sentence, Do you 
understand what I say?” into the telephone placed in the lecture 
hall. To my delight an answer was returned through the instru- 
ment itself, articulate sounds proceeded from the steel spring attached 
to the membrane, and I heard the sentence, “ Yes, I understand you 
perfectly.” It is a mistake, however, to suppose that the articulation 
was by any means perfect, and expectancy no doubt had a great 
deal to do with my recognition of the sentence; still, the articula- 
tion was there, and I recognized the fact that the indistinctness was 
entirely due to the imperfection of the instrument. I will not trouble 
you by detailing the various stages through which the —— 

, but shall merely say that after a time I produced the form of 
instrument shown in Fig. 25, which served very well as a receiving 
telephone. In this condition my invention was exhibited at the 
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Centennial Exhibition in Philadelphia. The telephone shown in 
Fig. 24 was used as a transmitting instrument, and that in Fig. 25 
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as a receiver, so that vocal communication was only established in 
one direction. 

Another form of transmitting-telephone exhibited in Philadelphia 
intended for use with the receiving-telephone (Fig. 25) is represented 


by Fig. 26. 

A — wire attached to a stretched membrane completed a 
voltaic circuit by dipping into water. Upon king to the mem- 
brane articulate sounds — from the te — in the distant 
room. The sounds produced by the telephone became louder 
2090 when dilute sulphuric acid, or a saturated solution of salt. 
was substituted for the water. Audible effects were also pro- 
duced by the vibration of —— in mercury, in a solution of 
bichromate of potash, in salt and water, in dilute sulphuric acid, and 

in pure water. 
e articulation produced from the instrument shown in Fig. 25 


t 


was remarkably distinct, but its great defect consisted in the fact 
that it could not be used as a transmitting instrument, and thus 


Fie. 26. 
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two telephones were required at each station, one for transmitting 
and one for receiving spoken messages. 

It was determined to vary the construction of the telephone shown 
ia Fig. 24, and I sought, by changing the size and tension of the 
membrane, the diameter and thickness of the steel spring, the size 
and power of the magnet, and the coils of insulated wire around 
their poles, to discover empirically the exact effect of each element 
of the combination, and thus to deduce a more perfect form of ‘ap- 
paratus. It was found that a marked increase in the loudness of 
the sounds resulted from shortening the length of the coils of wire 

and by enlarging the iron diaphragm which was glued to the 
2091 membrane. In the latter case, also, the distinctness of the 

articulation was improved. Finally, the membrane of gold- 
bea‘er’s skin was discarded entirely, and a simple iron plate was used 
instead, and at once intelligible articulation was ined. The 
new form of instrument is that shown in Fig. 27, and, as had been 
long anticipated, it was proved that the only use of the battery was 
to magnetize the iron core of the magnet, for the effects were equally 
audible when the battery was omitted and a rod of magnetized steel 
substituted for the iron core of the — 

It was my original intention, as shown in Fig. 19, and it was 
always claimed by me, that the final form of telephone would be 


MXR WOWOV’ 
1 


V 
\ 


- 


(4 


N 
N 
8 
N 
N 
8 14 
N 
N 
N 
\ 
N. 


S AN 


Fie. 27. 


operated by permanent magnets in place of batteries, and numerous 
experiments had been carried on oo. Watson and myself pri- 
vately for the purpose of producing this effect. 

At the time the instruments were first exhibited in public the 
results obtained with permanent magnets were not nearly so strikin 
as when a voltaic battery was emp ud wherefore we thought it 
best to exhibit only the latter form of instrument. 

The interest excited by the first published accounts of the - 
tion of the telephone led many persons to investigate the subject, 
and I doubt not that numbers of experimenters have i dently 
discovered that permanent magnets might be employed instead of 
voltaic batteries. Indeed, one gentleman, Pro Dolbear, of 
Tufts College, not only claims to have discovered the magneto- 
electric telephone, but, I understand, cha me with having ob- 
tained the idea from him through the medium of a mutual friend. 

A still more powerful form of a was constructed by 
using a powerful compound horse magnet in place of the 
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straight rod which had been previously used (see Fig. 28). In- 
deed, the sounds produced by means of this instrument were 
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. Fie. 28. 


of sufficient loudness to be faintly audible to a large audience, 
and in this condition the instrument was exhibited in the Essex 
Institute, in Salem, Massachusetts, on the 12th Feb., 1877, on which 
occasion a short speech shouted into a similar telephone in Boston, 
sixteen miles away, was heard by the audience in Salem. The 
tones of the speaker’s voice were distinctly audible to an audience 
of 600 people, but the articulation was only distinct at a distance of 
about 6 feet. On the same occasion, also, a report of the lecture was 
transmitted by word of mouth from Salem to n, and published 
in the papers the next morning. 
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From the form of * shown in Fig. 27 to the present form 


of the instrument (Fig. 29) is but a step. It is, in fact, the arrange- 

ment of Fig. 27 in a portable form, the magnet F H being placed 

inside the handle and a more convenient form of mouthpiece pro- 

vided. The arrangement of these instruments upon a telegraphic 
circuit is shown in Fig. 30. 


Fie. 30. 
And here I wish to express my indebtedness to several scientific | 
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friends in America for their co-operation and assistance. I would 
specially mention Professor Peirce and Professor Blake, of Brown 

niversity, Dr. Channing, Mr. Clarke, and Mr. Jones. In Provi- 
dence, Rhode Island, these gentlemen have been carrying on 


‘ together experiments, seeking to perfect the form of apparatus re- 


quired, and I am happy to record the fact that they communicated 
to me euch new discovery as it was made, and every new step in 
their — — It was, of course, almost inevitable that these 
gentlemen should retrace much of the ground that had been gone 
over by me, and so it has happened that many of their discoveries 
had been anticipated by my own researches; still the very honor- 
able way in which they, from time to time, placed before me the 
results of their discoveries entitles them to my warmest thanks and 
to my highest esteem. It was always my belief that a certain ratio 
would be found between the several parts of a telephone. and that 
the size of the instrument was immaterial, but Professor Peirce was 
the first to demonstrate the extreme smallness of the magnets which 
might be employed. And here, in order to show the parallel lines 
in which we were working, I may mention the fact that two or three 
days after I had constructed a telephone of the portable ſorm (Fig. 
29), containing the magnet inside the handle, Dr. Channing was 
kind enough to send me a pair of telephones of a similar pattern 
which bad been invented by the Providence experimenters. The 
convenient form of mouthpiece shown in Fig. 29, now adopted by me, 
was invented solely by my friend Professor Peirce. I must also ex- 
— my obligations to my friend and associate, Mr. Thomas A. 
atson, of Salem, Massachusetts, who has for two years past given 
me his personal assistance in carrying on my researches. 
In pursuing my investigations I have ever had one end in view, 
the practical improvement of electric telegraphy, but I have 
2094 come across many facts which, while having no direct bear- 
; ing upon the subject of telegraphy, may yet possess an interest 
or you. 
or instance, I have found that a musical tone proceeds from a 
piece of plumbago or retort-carbon when an intermittent current of 
electricity is passed through it, and I have observed the most curious 
audible effects produced — passage of reversed intermittent cur- 
rents through the human body. A rheotome was placed in circuit 
with the primary wires of an induction coil, and the fine wires were 
connected with two strips of brass. One of these strips was held 
closely against the ear, and a loud sound proceeded from it when- 
ever the other slip was touched with the other hand. The strips of 
brass were next held one in each hand. The induced currents occa- 
sioned a muscular tremor in the fingers. Upon placing my fore- 
finger to my ear a loud crackling noise was audible, seemingly pro- 
ceeding from the finger itself. A friend who was present placed 
my finger to his ear, but heard nothing. I requested him to hold 
the strips himself. He was then distinctly conscious of a noise 
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(which I was unable to perceive) proceeding from his finger. In 
this case a portion of the induced currents passed through the head 
of the observer when he placed his ear against his own finger; and 
it is posssible that the sound was occasioned by a vibration of the 
surfaces of the ear and finger in contact. 

When two persons receive a shock from a Ruhmkorff’s coil by 
clasping hands, each taking hold of one wire of the coil with the 
free hand, a sound proceeds from the clasped hands. The effect is 
not produced when the hands are moist. When either of the two 


touches the body of the other a loud sound comes from the parts in. 


contact. When the arm of one is placed inst the arm of the 
other the noise produced can be heard at a distance of several feet. 
In all these cases a slight shock is experienced so long as the con- 
tact is preserved. The introduction of a piece of paper between 
the parts in contact does not materially interfere with the produc- 
tion of the sounds, but the unpleasant effects of the shock are 
avoided. 
When an intermittent current from a Ruhmkorff’s coil is 
2095 passed through the arms a musical note can be perceived 
when the ear is closely applied to the arm of the person ex- 
perimented upon. The sound seems to proceed from the muscles of 
the forearm and from the biceps muscle. Mr. Elisha Gray* has also 
—— audible effects by the passage of electricity through the 
1uman body. 
An extremely loud musical note is occasioned by the spark of a 
Ruhmkorff’s coil when the primary circuit is made and broken with 
sufficient rapidity; when two rheotomes of different pitch are caused 


simultaneously to open and close the primary circuit a double tone 


proceeds from the spark. 

A curious discovery, which may be of interest to you, has been 
made by Professor Blake. He constructed a telephone in which a 
rod of soft iron, about six feet in length, vas used instead of a per- 
manent magnet. A friend sang a continuous musical tone into the 
mouthpiece of a telephone, like that shown in Fig. 29, which was 
connected with the soft-iron instrument alluded to above. It was 
found that the loudness of the sound produced in this telephone 
varied with the direction in which the iron rod was held, and that 
the maximum effect was produced when the rod was in the position 
of the dipping-needle. This curious discovery of Professor Blake has 
been verified by myself. 

When a telephone is placed in circuit with a telegraph line the 
telephone is found seemingly to emit sounds on its own account. 
The most extraordinary noises are often produced, the causes of 
which are at present very obscure. One class of sounds is produced 
by the inductive influence of neighboring wires and by leakage from 
them, the signals of the Morse alphabet passing over neighborin 
wires being audible in the telephone, and another class can be tra 
to earth currents upon the wire, a curious modification of this sound 
revealing the presence of defective joints in the wire. 
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* Elisha Gray. Eng. Pat. Spec. No. 2646, Aug., 1874. 


} 


| 
— 


very distinctly audible from the telephone in my hand. Upon ex- 
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Professor Blake informs me that he has been able to use the rail- 
road track for conversational purposes in place of a telegraph wire, 
and he further states that when only one telephone was con 
with the track the sounds of Morse operating were distinctly 
2096 audible in the telephone, although the nearest telegraph wires 
were at least forty feet distant. 

Professor Peirce has observed the most curious sounds produced 
from a telephone in connection with a telegraph wire during the 
aurora borealis; and I have just heard of a curious phenomenon 
lately observed by Dr. Channing. In the city of Providence, Rhode 
Island, there is an overhouse wire about one mile in extent with a 
telephone at either end. On orie occasion the sound of music and 
singing was faintly audible in one of the telephones. It seemed as if 
some one were practising vocal music with a pianoforte accompani- 
ment. The natural supposition was that experiments were being 
made with the telephone at the other end of the circuit, but u 
inquiry this proved not to have been the case. Attention having 
thus been directed to the phenomenon, a watch was kept upon the 
instruments, and upon a — — occasion the same was ob- 
served at both ends of the line by Dr. Channing and his friends. It 
was proved that the sounds continued for about two hours and usu- 
ally commenced about the same time. A searching examination of 
the line disclosed nothing abnormal in its condition, and Iam unable 
to give you any explanation of this curious phenomenon. Dr. Chan- 
ning has, however, addressed a letter upon the subject to the editor 
of one of the Providence papers, giving the names of such songs as 
were recognized, with full details of the observations, in the — 
me pp may lead to the discovery of the performer, and thus 
afford a solution of the mystery. 

My friend, Mr. Frederick A. Gower, communicated to me a curi- 
ous observation made by him — the slight earth connection 
required to establish a eireuit ſor the te — and together we car- 
ried on a series of experiments with rather startling results. We 
took a couple of telephones and an insulated wire about one hundred 
yards in length into a garden and were enabled to carry on a con- 
versation with the greatest ease when we held in our hands what 
should have been the earth wire, so that the connection with the 
ground was formed at either end through our bodies, our feet bein 
clothed with cotton socks and leather boots. The day was fine, a 
the grass upon which we stood was seemingly perfectly dry. Upon 

standing upon a gravel walk the vocal sounds, though much 
2097 diminished, were still perfectly intelligible, and the same re- 

sult occurred when standing upon a brick wall one foot in 
height, but no sound was audible when one of us stood upon a block 
of freestone. 

One experiment which we made is so very interesting that I must 
speak of it in detail. Mr. Gower made earth connection at his end 
of the line by standing upon a grass plot, whilst at the other end of 
the line I stood upon a wooden board. I requested Mr. Gower to 
sing a continuous musical note, and to my surprise the sound was 
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amining my feet I discovered that a single blade of grass was bent 
over the edge of the board and that my foot touched it. The re- 
moval of this blade of grass was followed by the cessation of the 
sound from the telephone, and I found that the moment I touched 
with the toe of my a blade of grass or the petal of a daisy the 
sound was again audible. 

The question will naturally arise, Through what lengh of wire 
can the telephone be used? In reply to this I may say that the 
maximum amount of resistance through which the undulatory cur- 
rent will pass and vet retain sufficient force to produce an audible. 
sound at the distant end has vet to be determined ; no difficulty has, 
however, been experienced in labofatory experiments in conversing 
though a resistance of 60,000 ohms, which has been the maximum 
at my disposal. On one occasion, not having a rheostat at hand, 
I may mention having passed the current through the bodies of six- 
teen persons, who stood hand in hand. The longest length of real 
telegraph line through which I have attempted to converse has been 
about two hundred and fifty miles. On this occasion no difficulty 
was experienced so long as parallel lines were not in operation. 
Sunday was chosen as the day on which it was probable other cir- 
cuits would be at rest. Conversation was carried on between my- 
self, in New York, and Mr. Thomas A. Watson, in Boston, until 
the opening of business upon the other wires. When this happened 
the vocal sounds were very much: diminished, but still audible. It 
seemed, indeed, like talking through a storm. Conversation, though 
possible, could be carried on with difficulty, owing to the distracting 

nature of the interfering currents. 
2098 I ham informed by my friend, Mr. Preece, that conversation 
has been successfully carried on through a submarine cable 
sixty miles in length, extending from Dartmouth to the Island of 
pe by means of hand telephones similar to that shown in 
ig. 30. 
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2099 Exhibits Bell’s George-Brown-Specifications, Nos. I to VI. 


(No. V put in evidence by complainants; Nos. I, II, III, IV, and VI 
* by defendants. Complainants’ record, pp. 1682 and 1696. 


Bell’s George-Brown specification No. I. 
A. G. Bell (patent I) spark arrester. 


— dl 


Patent I. 


To ali whom it may concern: 


Be it known that I, Alexander Graham Bell, of Salem, Massachu- 
setts, have invented certain new and useful improvements in electri- 
cal apparatus, of which the following is a specification : 

When a Morse sounder (A) or other telegraphic or electrical ap- 

paratus is placed in a voltaic circuit, the induction of the 
2100 current upon itself in the coils of the electro-magnet (A) or 

other instrument gives rise to an induced current of high 
tension. 

When the circuit is broken at any point, as by the lifting of the 

key B, the induced current leaps across the break (B C) in the cir- 
cuit in the form of a bright spark. 
A When a powerful battery is employed, or when the circuit is very 
rapidly made and broken, the spark becomes so intense as to burn 
or oxidize the points (B C) between which it appears, and thus pre- 
vent the effective working of the instruments upon the circuit. 

This defect has hitherto been overeome by the employment of 
—— condensers [or perhaps resistance coils might be used 
or the same purpose] by means of which the spark has been ma- 
terially lessened or destroyed. 

Now I have discovered that the same effect may be produced by 
introducing between the points (B C) where the circuit is broken an 
imperfect conductor of electricity. which shall offer a very great re- 
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sistance to the voltaic current, but afford a free passage for the in- 
duced current which occasions the spark. 

Such a substance is water, es lly when slightly acidulated. 
Retort carbon, plumbago, animal, and vegetable tissues, and other 
substances offering a high resistance answer the purpose, but I prefer 
to employ a liquid (like water) which can be decomposed by the 
passage of the current. 

The form of spark-arrester which I have devised consists of a 

lass vessel (d) containing water which has been slightly acidu- 

ted. The cover (e) is formed of a non-conducting material (such 
as wood OR HARD RUBBER), and has a hole (f) in it to permit of the 
escape of gases formed by the decomposition of the water. Two 
screws (9 h) pass through the cover (e) into the water at (& and 4), 
and can be lowered or raised, so [as to permit of] THAT a larger or 
smaller surface [being] may BE brought into contact with the water. 

Connecting wires unite the screw cups (g and h) respectively with 
the 3 C) between which the spark appears. 

hen the key (B) is rased the voltaic current meets with so 
2101 much resistance from the water in d as to be unable to affect 
the Morse sounder A or other instruments] upon the circuit 
so that the circuit is practically broken at BC; and the induced 
current, finding a freer passage through the water in d than across 
the space B C, prefers the former, and thus no spark appears be- 
. ‘idly mad 
n systems of telegraphy in which a circuit is very rapidly made 
and broken for long periods of time it might be a — of econ- 
omy to collect the oxygen and hydrogen gases evolved at the two 
ints i & in separate receivers, as such gases would have a market- 
able value [for scientific and other purposes) if collected in sufficient 
quantities. 

Having described my invention, what I claim and desire to secure 
by letters patent is as follows: 

1. The METHOD OF REDUCING [reduction of] the spark in a voltaic 
circuit by the interposition of an imperfect conductor of electricity 
between the points where the circuit is broken. 

2. The METHOD OF REDUCING [reduction of] the spark in a voltaic 
circuit by the 2 of water, or other liquidſs] capable of 
being decom y the electrical current, between the points 
where the circuit is broken, for the purpose and 1n the manner 
herein described. 

In testimony whereof I have hereunto signed my name this — 
day of January, ——. 


(Endorsed :) G. B., 12 November, 1878.” 
(Here follows diagram marked p. 2102.) 
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2103 Vrrxp States Patent OFFICE. 


ALEXANDER GRAHAM BELL, of Salem, assignor to himself and 
Tuomas Sanpers, of Haverhill, and GaRDINER G. HusBarp, of 


Cambridge, Massachusetts. 


Improvement in Transmitters and Receivers for Electric Telegraphs. 


Specification forming part of letters patent No. 161,739, dated April 
6, 1875; application filed March 6, 1875. 


To all whom it may concern : 

Be it known that I, Alexander Graham Bell, of Salem, Massachu- 
setts, have invented certain new and useful improvements in appa- 
ratus for transmitting and receiving telegraphic signals or messages, 
of which the following is a specification : 

In another application for letters patent I have described a 
method of and apparatus for transmitting two or more telegraphic 
messages or signals simultaneously along a single wire — em- 
ployment of transmitting instruments, each of which transmits, per 
second, impulses differing in number from the others, and receiving 
instruments, each tuned to a pitch at which it will be put in vibra- 
tion to produce its fundamental tone by one only of the transmitting 
instruments. 

In illustration of that method I have shown in the application 
aforesaid, as one form of receiver, an electro-magnet having a steel- 
spring armature tuned to the pitch above specified. My present in- 
vention primarily is directed to the employment of the vibratory 
movement of the vibrating part of the receiver, for the pu of 
actuating any ordinary or suitable electro-magnetic recording or 
sounding instrument. This result I have effected by the employ- 
ment, in a local circuit (in which is also the recording or sounding 
instrument) of a vibratory circuit breaker acted upon by the re- 
ceiver, and operating to convert the vibratory motion of the latter 
into a permanent make or break, as the case may be, of the local 
circuit, which is continued so long as the receiver continues in a state 
of vibration. 

The arrangement above indicated is applicable to a line where but 

one receiver is employed, as well as toa line combining a 
2104 number of receivers. In the latter case each receiver will 

of course have its own vibratory circuit-breuker arranged in 
a distant circuit, which contains only that recorder or sounder 
which is to be effected by the receiver. 

I prefer to use for the vibratory circuit-oreaker a light lever of 
the first order; but I desire here to remark that this form is not 
arbitrary. Many forms of circuit-breakers for the pu may be 
employed, such as membranes, etc., all that is — being that 
the circuit-breaker shall be capable of vibratory or oscillatory move- 
ment, and that its normal rate of movement, when in oscillation or 
vibration, shall be slower.than that of the motor (the vibrating por- 
tion of the receiver) by which it is actuated. 

To enable others skilled in the art to understand and use my in- 
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vention, I shall now proceed to describe the manner in which the 
same is or may be carried into effect, by reference to the dccompany- 
ing drawing. | 
n Fig. 1 R is the receiver, consisting, in this instance, of an 
electro-magnet, a, and a steel-spring armature, 5, tuned to a pitch at 
which it will be put in vibration by the succession of electrical im- 
pulses sent through the electro-magnet by the action of the trans- 
mitter T. The latter instrument, although constituting per se no 
integral — of my present invention, is indicated in diagram in 
order to better explain the nature of my improvements. It consists 
of a local circuit, e, and an electro-magnet, d, a vibrating steel-spring 
armature, ¢, tuned to a pitch to accord with the spring 6 of the re- 
ceiver, two platinum points, p p', between which the spring vibrates, 
the one p’ communicating with the main line, the other, p, with the 
local, and a key, 4, by means of which the intermittent impulses due 
to the action of the vibrating armature can at pleasure be sent along 
the main line to affect the vibrating armature 6 at the receiving sta- 
tion. Adjoining the receiver I place a light lever, 5 of wood, straw, 
or other suitable material for the purpose. This lever is mounted 
to oscillate freely on a pivot or axis, g, and one of its ends, f', over- 
hangs the free end of the vibratory armature 6. The normal rate of 
movement of the lever, when oscillating or vibrating, is considerably 
less than that of the armature, the consequence of which is that the 
latter, when in vibration, will, by striking the overhanging end 
2105 of the lever, elevate that end, and consequently depress the 
other, which tilted condition of the lever will be maintained 
so long as the armature continues in vibration. 

An adjusiable stop, h, is provided to regulate the distance which 
shall intervene between the overhanging end of the lever and the 
free end of the armature when both are at rest. A weight, i, adapted 
to slide on the overhanging half of the lever, may also be provided 
to regulate the weight of the one arm of the lever with relation to 
the other arm. The overhanging arm should slightly exceed the 
other in weight. The proper excess can be readily ascertained and 
obtained by means of thesliding weight. To the end f* of the lever 
is attached a platinum bow, j, the two ends of which extend down 
toward two mercury cups, II. In the present instance the local cir- 
cuit m, in which the mercury cups are located, is to be closed when 
the receiver vibrates. To this end the platinum points J, when the 
lever is at rest, are elevated far enough to be out of contact with the 
mercury ; but when, by the action of the vibrating receiver, the 
lever is tilted, the platinum points are depressed far enough to dip 
well into the mercury, thus completing the local circuit and exciting 
the electro-magnetic instrument in the circuit, which, in this case, is 
an ordinary Morse sounder, n. 

To prevent oxidation as far as practicable the mercury cups are 
filled above the mercury with glycerine, into which the platinum 
points at all times are immersed. A condenser may be used in the 
local circuit to reduce the spark. The local circuit above shown is 
normally open; but it is obvious that with slight changes I can 
work as well with a local circuit normally closed. It will also be 
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understood that other connections beside the mercury cups can be 
used. I much prefer, however, the Jatter. 

By means of the vibratory circuit-breaker thus actuated [ can 
operate not only the Morse sounder but the register or recorder as 
well. By the same means I can also operate printing mechanisms, 
such as Hughes’, and type-writers, such as that of Shole & Glydden. 
The latter will, of course, require one transmitter and one receiver 
and vibratory circuit-breaker for each key. The same arrangement 
of circuit-breaker can be adapted to the chemical telegraph and the 

various systems of mown. a telegraph. 
2106 A system of — — evised by me, and based 

upon the above-described method of operating the vibratory 
circuit-breaker by the vibrations of the receiver, is represented in 
Fig. 2; 123 45 6 are transmitting instruments, such as represented 
in Fig. 1. The local circuit or circuits for these transmitters I have 
omitted to avoid confusion. Each vibrating armature connects by a 
wire, s, with a metallic or conducting bristle, t, mounted in a non- 
conducting base, u, placed over the metallic plate, v, with which the 
bristles are in contact. The plate is in communication with the 
main battery B. The bristles are insulated from one another, and 
are placed as near together as possible. From the platinum point p’ 
of each transmitter (with which point the vibrating armature of the 
transmitter makes and breaks contact during its vibration) leads a 
wire, , to the main line M. For each transmitter there is, at the 
receiving end of the line, a corresponding receiver, such, for instance, 
as indicated in Fig. 1, whose armature responds in vibration to one 
only of the transmitters. The receivers are indicated at 7 8 9 10 
1112. The main line, by branches, passes through each electro- 
magnet of each receiver, and thence to earth. With each receiver 
iscombined a vibratory circuit-breaker, in the manner hereinbefore 
described. These circuit-breakers are indicated at 13 14 15 16 17 
18. The mercury cups of the circuit-breakers are in a circuit worked 
by battery B’. 

The local circuit connections are plainly indicated in the diagram. 
In the local circuit are electro-magnets, z, one for each receiver. and 
above each electro-magnet is one arm of a vibratory lever, y, consti- 
tuting the armature of the magnet. The other arm of the lever ter- 
minates in a stylus, which normally rests upon an ink ribbon, z, just 
above the plate or bed r. 

The stylus-armed ends of the levers converge, so as to be about 
as near, and in the same relative position to one another, as the me- 
tallic bristles at the transmitting end of the line. 

To operate the apparatus the message or object to be copied at the re- 
ceiving end is written or impressed in non-metallic ink on a sheet of 
metallic foil, and this sheet is placed on the metal plate under the 
bristles at the transmitting an The sheet of paper or other mate- 

rial on which the message is to be delivered is placed on the 
2107 receiving table r, under the stylus-armed levers. Both sheets 
are dragged or drawn along (not necessarily, however, at the 


same rate of speed) over their respective tables. So as the 
bristles have Metalle contact intermittent electrical im from 
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their respective transmitters pass along the line wire and operate all 
the receivers, the consequence of which is the vibratory circuit- 
breakers are operated to close all the connections of the local circuit, 
all the electro-magnets in that circuit are excited, and all the record- 
ing levers are attracted by the magnets and lifted from the ink 
ribbon. When, however, the message comes under the bristles each 
of said bristles, according to the position of the non-metallic line or 
surface under it, will be brought in contact with a non-conductor, 
which will have the effect of interrupting the series of intermittent 
impulses from the transmitter connected with that bristle, and, con- 
sequently, the corresponding receiver at the other end will cease to 
vibrate, the circuit-breaker of that receiver will be removed from 
contact with its mercury cups, thus breaking the circuit between 
those cups and the electro-magnet connected therewith, and the 
magnet, losing its power, will release the recording lever, whose 
stylus end will consequently drop and impress a mark, through the 
medium of the ink ribbon, on the paper or other sheet passing be- 
tween the ink ribbon and the recording table. In this way an exact 
copy of any message, picture, ur other object impressed or written 
upon the metallic foil can be transmitted to and obtained at the 
receiving end. 

The recording levers can be provided, if need be, with light springs, 
to draw them quickly down onto the ink ribbon when released by 
their electro-m — 

Having descri 


by letters patent is as follows: 
1. In a system of telegraphy in which the receiver is put in vibra- 


tion by electrical impulses sent along the line wire from the trans- 

mitting station, as described, the combination at the receiving end 

of a local circuit independent of the receiver and a vibratory circuit- 

breaker in said local circuit, acted upon by said receiver to effect a 

permanent make or break, as the case may be, of the local circuit, 
which is continued so long as the receiver continues to vibrate 

2108 and ceases with the cessation of the receiver's vibration, sub- 
stantially as herein set forih. 

2. The combination, subsequently as herein described, with the 
vibratory portion of the receiver, of a vibratory circuit-breaking 
lever, which will vibrate or oscillate at a slower rate than that at 
which the former moves when in vibration, as and for the purposes 
set forth. : 

3. The autograph telegraph, comprising the combination of a series 
of transmitters and transmitting bristles or wires; a single main wire ; 
receivers, corresponding in number to the transmitters, tuned to a 
pitch to vibrate in unison with the succession of electric impulses 
transmitted from their respective transmitters; vibratory circuit- 
breakers,-one for each receiver, and a local circuit, electro-magnet, 
and recording lever for each circuit-breaker ; the whole for opera- 
tion substantially as shown and described. 


my invention, what I claim and desire to secure 
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In testimony whereof I have hereunto signed my name this 2d 
day of March, A. D. 1875. 
A. GRAHAM BELL. 


* Witnesses : 


EWELL A. DICK. 
HENRY R. ELLIOT. 


(Here follow diagrams marked p. 2109 & 2110.) 


2111 To whom it may concern: 


Be it known that I, Alexander Graham Bell, of Salem, Massachu- 
setts, have invented a certain new and useful method of and appe- 
ratus for transmitting a number of electric signals or telegraphic 
signals or messages simultaneously along a single wire, of which 
the following is a specification : 

It has before been discovered that if there be — in an elec- 
tric circuit a transmitter capable of making and breaking contact a 
certain definite number of times per second or other unit of time 
and a receiver comprising as its essential elements an electro-magnet 
and an armature whose vibrations to produce an audible note or 
tone (the fundamental tone of the armature) 1 oye in number 
per unit of time to the number of makes and breaks of the trans- 
mitter during the same period, the electrical impulses sent through 
the line by the action of the transinitter will have the effect of put- 
ting said armature in vibration. 

ow, I have discovered that when two or more transmitters— 
each transmitting per second impulses differing in number from the 
others—are combined with receivers, each tuned to a pitch at which 
it will be put in vibration by one only of the transmitters, the dif- 
ferent impulses from any two or more of these transmitters may 
simultaneously be sent along a single line wire to the receiver, each 
of which will be affected by that set—and that set alone—of im- 
pulses produced by the action of that transmitter with which the 
receiver is in accord. 

I prefer to produce the intermittent current by actual make and 
break contact, but the result may be attained by alternately dimin- 
ishing and increasing the intensity without absolute break in the 
continuity of the current. 

[ prefer to use for each TRANSMITTER A receiver composed of an 
electro-magnet and an armature which will be thrown into a state 
of vibration by the impulses sent through the electro-magnet. But 
other arrangements for the purpose may be devised. For instance, 

with a series of transmitters organized as above indicated | 
2112 can place at the receiving end of the line a telephone, from 

the rod of which silk threads may lead to a series of bodies, 
such as tuning-furks capable of definite vibration, each one of these 
bodies having a rate of vibration corresponding to one, and one 
only, of the transmitters. In case two or more different sets of im- 
pulses be transmitted simultaneously to the telephone each will af- 


— — 
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fect that one alone of the tuning-forks whose vibrations are syn- 
chronous with the impulses. 

The same effect could be produced by resonators of different 
pitches placed under the rod of the telephone. 

The application of this discovery to telegraphy renders it prac- 
ticable to transmit a large number of — or signals along a 
single wire without confusion with one another. 

Signals must be made by means of regularly intermittent currents 
of electricity passing along the line wire, and must be distinguished 
from one another preferably by the employment at the RECEIVING 
end of electro-magnets whose armatures are capable of vibrating at 
a different rate of speed. 

Several messages may be sent simultaneously along a single wire 
if the signals made for one message have a certain definite pitch 
different from those employed for the others. The signals trans- 
mitted for each message will affect only that receiving instrument 
whose armature in vibrating yields the pitch employed. 

By this means any station in a telegraphic circuit may communi- 
cate with any other while messages are passing between other places 
in the same circuit. 

The total number of messages that can without confusion be sent 
simultaneously upon this plan depends theoretically upon the num- 
ber of musical notes that can be found which are not harmonics of 
one another. But practically the fundamental notes can, by a reso- 
nator, be developed sufficiently to be unmistakably distinguished 
from any harmonic tone. 

The nature of my invention and the manner in which the same 
is or may be carried into effect can be best explained and under- 

stood by reference to the accompanying drawings, in which 
2113 I have represented one form of apparatus adapted to carry 
out the object I have in view. 

Figure 1 is a perspective view of the transmitter. 

Figure 2 is a front elevation of the transmitter. 

Figure 3 is a perspective view of the receiver. 

Figure 4 is a diagram illustrating the working of my system of 
telegraphy. 

The transmitter is shown in Figure 1. A steel spring, S, made 
permanently magnetic, is placed in front of an electro-magnet, E, 
so as to form its armature. It tends to rest normally against a plat- 
inum point, p, completing the local circuit n, Ek. P, b, B [ö, p, A, E, 
10 The local battery is indicated at 4, and the wire connections of 
the local circuit at 1,2. When the magnet attracts its armature 
away from p the circuit is broken; the magnet then loses its power, 
and the spring 8, by its elasticity, is carried back into contact with 
p. The local battery thus serves to keep the armature S in constant 
vibration, which is its normal condition. In the course of its vibra- 
tion S strikes against a second platinum point, p’, completing the 
main circuit when the key K is depressed. When the key therefore 
is thus depressed the currents of B, the main battery, pass from Z to 
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the earth, and from C through [p’, A, K], k, b, r to the line wire 
L. The wire connections of the line wire with the main battery 
are indicated at 3, 4; hence the depression of the key will have the 
effect of transmitting intermittent currents through the line wire, 
which currents constitute the succession of electrical impulses de- 
signed to effect the instrument at the receiving end of the line. The 
electrical impulses so transmitted correspond in number and regu- 
larity to the vibrations of S. 

To prevent the spark from oxidizing the spring S, I insert in the 
spring, at the spot where it meets the points p 14 2 7 rivet, 
p 2. * condenser may also be employed if desired to reduce the 
spark. 

To adjust the pitch or rate of vibration of the armature 8, the 

platinum points p p’ may be adjusted in one direction or the 
2114 other as occasion demands, care being taken, however, to pre- 
serve the same relative distance between them. 

The same effect may be produced by loosening the hold of the 
clamp D on the spring, and sliding it to or from the magnet in 
order to shorten or lengthen, as the case may be, the — 2 — 
of the spring. The clamp consists of a frame which slides on ways 
F, and 1s provided with a screw clamping button or plate, d’, between 
which — the adjoining face of the upright portion of the frame the 
spring is damped The apparatus above described is well adapted 
to act us a transmitter. The same result, however, can be effected 
without the aid of a local circuit by means of a cylinder rotated by 
clock-work or other suitable means at a definite rate of speed, and 
provided on its periphery with a succession of alternating conpuct- 
ING and non-conducting spaces. In contact with this portion of the 
cylinder will be a — point or wire or spring- arm in com- 
munication with the main line. The main battery connects, say 
with the axle of the cylinder. Thus if there be one hundred con- 
ducting and non-conducting spaces on the cylinder, and if the cylin- 
der make one revolution: per second, one hundred electrical impulses 
per second will be transmitted along the line wire. A key should 
of course be used in this arrangement so as to complete the circuit 
— when transmitting signals, as in the apparatus above described 
with reference to Fig. I. One advantage of this last-described arrange- 
ment is that the transmitting instrument will give no sound. 

The receiving instrument is shown in Figure 3. It comprises an 
electro-magnet, R, in communication with THE line wire and the earth 
as shown, and a steel strip, S’, made permanently magnetic and 
placed in front of the magnet. The spring is tuned to vibrate nor- 
mally at the same pitch as the armature S of the transmitting in- 
strument; or, in other words, it is tuned so that its normal rate of 
vibration to produce an audible note or sound will accord with the 
rate of speed at which the electrical impulses sent to the electro- 
magnet succeed one another. 

e receiving instrument is preferably placed upon a sound board 
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to develop the tone of the armature. A convenient means of adjust- 
ing the armature to the proper or desired pitch is shown in 
2115 the drawings. The spring at its further end is clamped 
fast and permanently to a block, G. Its other end extends 
out opposite to the core of the magnet. Intermediate between its 
two ends is an adjustable block, H, sliding longitudinally of the 
spring on guide rods, I, and actuated so to move by an * 
screw, J. The spring is in contact with tlie top of block H, an 
sses between it, below, and the clamping plate K above, which is 
eld down by screws so as to clamp the spring firmly. By loosen- 
ing the clamp the block (and clamp) can be moved in one direction 
or the other to increase or decrease the working length and, conse- 
quently, the pitch of the spring. When once adjusted in position 
* clamp is screwed down and the apparatus is then in working 
order. 

I have now described the construction and arrangement of the 
transmitter and receiver. Their joint operation will be understood 
without further explanation. I would remark, however, that while 
the receiver is here arranged for audible signals, yet the same 
receiver can be used to operate, by means of its vibratory armature, 
other apparatus which will actuate any of the ordinary electro- 
magnetic receiving instruments used in telegraphy, whether sounders 
or recorders. ä 

This feature, however, I shall not here further describe, inasmuch 
as I make it the subject of a separate application for letters patent. 

It now remains for me to indicate as briefly as may be the ar- 
rangement of the above instruments on circuit for the transmission 
of several messages simultaneously along a single wire, and the 
reception of the same without confusion. 

This arrangement is illustrated by diagram in figure 4. 

A BC D Z are stations on the line. Each station is provided 
with a number of receivers, R RI RS; transmitters, T TI I, etc.; 
keys, K KI K“; main battery, B, and local battery and circuit for 
transmitters. 

The local batteries and circuits for simplicity and to avoid con- 
fusion have been omitted in the diagram. 

The armatures of the transmitters at all the stations are kept in 

constant vibration, as hereinbefore described. The armatures 
2116 of the transmitting and receiving instruments that are num- 

bered alike have the same pitch. Thus T* of A corresponds 
in pitch to N of A B CID] Z, and to T? of BCD]. The pitches 
adopted for the transmitters are such that ITI, for instance, will 
affect no other receiver than Ri at any station, I than R, etc. 

Examine station A. 

Depress K i. An intermittent current due to the vibration of T 
traverses the line wire, passing through all the receiving instru- 
ments at A B C [DI Z to the earth at Z. 

The receivers Ri at all the stations respond. Depress K' and K* 
simultaneously. 
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Since Ti and T* do not vibrate at the same rate of speed they do 
not close the circuit at the same time. Hence the single battery B 
suffices to throw the double series of vibrations on to the line wire, 
and the receiving instruments Ri and R at all the stations are 


affected. a 


Depress K“ of station B. 

The intermittent current due to T? of B flows onto the line wire 
and affects the receiving instruments R* of stations B C [D] Z, but 
it does not reach station A at all, because there is no free earth com- 
munication there. 

Depress RI of A and K* of B simultaneously. The currents from 
A cannot escape to the earth at B, because T* vibrates at a different 
rate of speed from Tl. The impulses from A rarely reachſes] B at 
the time when the armature of T* is resting against the num 

int. When it does so it has to pass through the main battery of 

to reach the earth. 

os? gpm eam Ri of A BC[D] Z and R of BC [D] Z will 
respond. 

he signals made by any transmitting key will pass only in the 
direction of that station Z where there is free earth communication. 

Under the system above described two wires are necessary in 
order to complete communication in both directions. The arra 
ment of instruments on the second line wire is similar to that 
shown in the diagram, excepting that station A is arranged as Z 

and Z as A. 
2117 Duplicate sets of receivers may be used at each station, one 
for each line wire; or commutators may be used with a single 
set of receivers at each station to switch the receivers from one line 
onto the other. 

It may be convenient to assign to each small station on a line a 
distinct pitch which shall distinguish its signals from those of other 
stations. In this case a single transmitter and key and a complete 
set of receivers will suffice for each of such stations. 

A single wire for communication in both directions may be used. 
This will necessitate the — — of an induced current, and in 
this case the duplex principle can be applied to my system. 

The arrangement of apparatus for this pu do not, however, 
here describe, inasmuch as I make it the subject of a separate speci- 
fication for letters patent. 

It will be understood without further explanation that the relay 
can be applied without trouble to a line operating on the herein- 
decribed system. 

Having now described my invention, what I claim and desire to 
secure by letters patent is— 

1. The method herein described of transmitting two or more tele- 
graphic signals or messages simultaneously along a single wire and 
of receiving the same without confusion, by the employment in an 
electric circuit of two or more transmitters, each transmitting 
second impulses differing — number from the others, in combination 
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with receivers, each tuned to a pitch at which it will be put in vibra- 
tion to produce its fundamental tone b7 one only of the transmitters, 
substantially as and for the purposes set forth. 

2. The combination in a main circuit normally open, of an inter- 
mittent circuit closer adapted to make and break contact a definite 
number of times per unit of time, and a key by the depression of 
which the succession of electrical impulses due to the intermittent 
action of the circuit-closer is thrown onto the main line, substan- 
tially as set forth. 


{Endorsed :) “G. B. 12 November, 1878.” 
(Here follow diagrams marked pages 2118, 2119.) 


2120 To whom it may concern: 


Be it known that I, Alexander Graham Bell, of Salem, 
Massachusetts, have invented a certain new and useful method of 
and apparatus for transmitting and receiving telegraphic signals or 
messages, of which the following is a specification : 

My invention is based upon a system of transmitting severai tele- 
graphic signals or m simultaneously along a single wire, and 
of receiving the same without confusion by the employment of trans- 
mitting instruments, each of which transmits per second impulses 
differing in number from the others, and resonant receiving instru- 
ments, each tuned to a pitch at which it will be put in vibration to 
produce its fundamental tone by one only of the transmitters. This 
system is fully described in my application for letters patent filed 
on or about the 25th day of February, 1875. 

In that application the electric current described as employed was 
the ordinary primary or galvanic current. 

My present invention is directed to the adaptation of the system 
aforesaid to an induced current, whereby messages can be sent in 
both directions along a single line wire. 

To effect the transmission along the line wire of a succession of 
secondary or induced electrical impulses, I fiud it to be necessary 
that the successive and alternate makes and breaks of the primary 
circuit should be of equal and uniform duration. 

In other words, supposing a rotating circuit-breaking cylinder or 
wheel to be used in the primary circuit for the purpose of producing 
a succession of intermittent impulses in the primary wire of the in- 
duction coil, the conducting spaces on the cylinder must be exactly 
equal in dimensions to the non-conducting spaces in order to pro- 
duce an intermittent or oscillating induced current, which will affect 
the receiving instrument or instruments. 

The manner in which my invention is or may be carried into 
effect will be understood by reference to the accompanying drawing, 
in which— 

Figure 1 is a diagram representing the application of my system 

to a number of stations connected by a single line wire. 
2121 The apparatus at each station for transmitting m 
consists in this instance of a cylinder, C, to which regu 
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rotary movement is imparted by clock-work or other suitable ma- 
chinery. 

On “the periphery of the cylinder are several series, 1 2 3, etc., 
of conducting and non-conducting spaces. In each the conducting 
spaces are equal in breadth to the non-conducting spaces, so that 
the metal connecting finger 4, 5, or 6 will, when the cylinder re- 
volves, make contacts of equal duration with both kinds of — 
Each finger connects by a key, H P, etc., with a battery, B' B 
B*, etc. 

The cylinder, batteries, keys, and spring fingers are in a primary 
circuit which passes through the induction coil I 

In each series, 1 2 3, etc., the conducting and non-conducting 
spaces equal in number the number of 1 impulses per second 
to be transmitted to the induction coil. ch series differs from the 
others, so that each will transmit for every revolution of the cylin- 
der a NUMBER of — differing from the others. These differing 
successions of impulses induce corresponding oscillating currents in 
the secondary wire of the induction coil, which are transmitted 
through the line wire to the receivers RI R R, each of which is 
tuned to a pitch at which it will 12 in vibrating to produce its 
fundamental tone to one only of the oscillating currents passing 
along the line wire. 

Thus suppose # of station B to be depressed. Whenever a metallic 
surface on the cylinder comes in contact with the spring attached 
to i a current traverses the closed circuit Bi H A I B', and a cur- 
rent (induced in the secondary coils or I) traverses the line wire to 
the earth at A and N. 

When, on the other hand, a non-conducting space comes under the 
spring finger H the primary current stops. This ‘induces a sec- 
— current in I, but of a kind opposite to the first induced im- 

ulse. 

. Thus the revolution of the cylinder produces an oscillating cur- 
rent on the line wire, and as the conducting and non-conducting 
surfaces oi the cylinder are of equal breadth, the positive and nega- 
tive induced impulses succeed each other at equal intervals 
2122 of time. This oscillating [movement] cunnzvr will actuate 
only the receivers R' at each station, and its effect upon the 
electro-magnet of the rece: ver is to create a rapid change of pole. 

The armature of the rec ver is a steel spring made permanently 
magnetic. - Hence it is alv.enately attracted and repelled by its 
electro-magnet. If, as is here supposed to be the case, the normal 
vibrations of the armature to peoduce its fundamental tone corre- 
spond to the oscillations of the cus-ent traversing its electro-magnet, 
it will be thrown into a state of vibr. on. 

Two or more keve at anv atation mey be operated to tiaiassaié 
several messages simultaiccussy alung tae line wire, which will be 
received at the receiving stations without confusion. 

A swiich, S, may be provided at each station ts allow currents to 
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pass through the receivers without passing through the induction 
coil. This switch will, of course, be moved to cut out the induc- 
tion coil only when messages are not being transmitted from the 
station. In this way the resistance of the line wire can be greatly 
diminished. 

Under the arrangement described, when messages are transmitted 
from any one station the receivers at that station will thereby be 
operated as well as the receivers at the other stations. This ob- 
jection can be removed by the application to my system of the 
duplex principle, as illustrated in Fig. 4. This figure is a dia- 

m of one of the stations shown in figure 1. The arrangement 
is the same as in figure 1, save in the particulars which I will now 
proceed to note. 

The electro-magnets of the receivers RI R R, etc., are wound 
with two wires instead of one. One wire communicates as before 
with the induction coil I and the line wire; the other with [the] a 
second induction coil I’. 

The wire of the primary circuit from the axis A of the cylinder 
is split, one branch going to the induction coil I, the other to II. 
Thus one portion of the primary current will pass through I, and 
another through II. , 

The currents induced in I pass through the receivers at this sta- 
tion and along the line wire through the receivers of all the sta- 

tions. 
2123 The currents in II pass through the receivers of its own 
station alone in such A manner as to oppose the effect of the 
currents induced in IJ. By introducing a sufficient resistance, R, in 
the secondary circuit of Ii the effect of the induced currents of I 
will, so far as the receivers of this station are concerned, be exactly 
neutralized by I’. 

Hence the receiving instruments at any station may be made in- 
sensible to the electrical impulses sent from that station, retaining 
at the same time their sensibility to impulses coming from other 
stations on the line. 

A convenient form of double receiver for working with the in- 
duced current is shown in figure 2. 

The steel spring armatures are kept permanently saturated by 
being attached to the poles of a permanent MAGNET, M. The arrange- 
ment of this apparatus will be understood without further explana- 
tion by reference to the figure, in which the poles of the permanent 
magnet and the oppositely disposed electro-magnets are indicated 
by plus and minus signs. 

I have created a regular oscillation of the induced current by 
means of permanent magnets in the place of batteries. 

Bar magnets M, with poles arranged as shown, were placed on the 
surface of a revolving cylinder, with several electro-magnets E placed 
opposite to them, as shown in figure 4, the space between any two 
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adjoining magnets being equal in breadth to the pole of the eleet ro- 
magnet opposed to it. 

Under this arrangement, when the cylinder was revolved, direct 
und reversed induced currents came at equal intervals apart, making 
electrodes of the earth and line wires [a 6]. With this instrument 
the induced currents passed directly through the ears, — created in 
the ear itself the perception of a musical note without the interven- 
tion of any receiving instrument whatever. 

Having now described my invention and the manner in which 
the same is or may be carried into effect, what I claim and desire to 
secure by letters patent is: 

In a system of — in which the receiver is put in 

2124 vibration by electrical impulses sent along the line wire from 

the transmitting station, as described, I claim the employ- 

ment at the transmitting station in connection with the line wire 

and an induction coil, of a primary circuit and apparatus for 

making and breaking said circuit a definite number of times per 

second or other unit of time, wit makes and breaks of equal dura- 

tion, substantially in the manner described, so that the positive and 

negative impulses thereby induced in the line wire shall succeed 
each other at equal intervals of time. 


Bell’s George-Brown Specification, No. V. 


Unirep States PATENT OFFICE. 


[ALEXANDER GRAHAM BELL, of Salem, assignor to himself and 
Thomas Sanders, of Haverhill, and Gardiner G. Hubbard, of 
Cambridge, Massachusetts. } 


To all whom it may concern: 


Be it known that I, Alexander Graham Bell, of Salem, Massa- 
chusetts, have invented certain new and useful improvements in 
telegraphy, of which the following is a specification : 

In [another —— for] letters patent granted to me [in] 
April 6th, 1875 (No. 161,739), I have described a method of and ap- 
paratus for transmitting two or more telegraphic signals simultane- 
ously along a single wire by the employment of transmitting instru- 
ments, each of which occasions a succession of electrical impulses 
differing in rate from the others; and of receiving instruments each 
tuned to a pitch at which it will be put in vibration to produce its 
fundamental tone by one only of the transmitting instruments; and 
of vibratory circuit-breakers operating to convert the vibratory 
movement of the receiving instrument into a permanent make or 
break (as the case may be) of a local circuit in which is placed a 
Morse sounder register, or other telegraphic apparatus. I have also 
therein described a form of autograph telegraph based upon the 
action of the above-mentioned instruments. 
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In illustration of my method of multiple telegraphy I have 
2125 shown in the [application] Patent aforesaid, as one form of 
transmitting instrument an electro-magnet having a steel 
spring armature which is kept in vibration by the action of a local 
battery. This armature in vibrating makes and breaks the main 
circuit, producing an intermittent current upon the line wire. I 
have found, however, that upon this plan the limit to the number 
of signals that can be sent simultaneously over the same circuit is 
very speedily reached ; for when a number of transmitting instru- 
ments, having different rates of vibration, are simultaneously mak- 
ing and breaking the same circuit, the effect upon the main line is 
practically equivalent to one continuous current. 

My present invention consists in the employment of a vibratory 
or undulat[ing Jory current of electricity in place of a merely inter- 
mittent one; and of a method of, and apparatus for, producing elec- 
trical undulations upon the line wire. The advantages [claimed 
for the undulatory current over the] I cLaIm TO DERIVE FROM THE 
USE OF AN UNDULATORY CURRENT IN PLACE OF A merely intermittent 
one, are— 

1. That a very much larger number of signals can be transmitted 
simultaneously over the same circuit. 

2. That a closed circuit and single main battery may be employed. 

3. That communication in both directions is established without 
the necessity of using special induction coils. 

4. And that—as the circuit is never broken—a spark arrester be- 
comes unnecessary. 

It has long been known that when a permanent magnet is caused 
to approach the pole of an electro-magnet a current of electricity is 
induced in the coils of the latter, and that when it is made to re- 
cede a current of opposite polarity to the first appears upon the 
wire. When, therefore, a permanent magnet is caused to vibrate in 
front of the pole of an electro-magnet, an undulatory current of 
electricity is induced in the coils of the electro-magnet, the undu- 

lations of which correspond in rate of succession to the vibra- 
2126 tions of the magnet, in polarity to the direction of its motion, 

and in jntensity to the amplitude of its vibration. That the 
lifference between an undulatory and an intermittent current may be 
more clearly understood, I shall describe the condition of the elec- 
trical current when THE ATTEMPT IS MADE TO TRANSMIT two musical 
notes [of different pitch are] simultaneously [transmitted along the 
same Wire] FIRST UPON THE ONE PLAN AND THEN UPON THE OTHER. 
Let the interval between the two sounds be a major third. Then 
their rates of vibration are in the ratio of 4: 5. 

Now, when the intermittent current is used the circuit is made 
and broken four times by one TRANSMITTING instrument in the same 
time = five makes and breaks are caused by the other [instru- 
ment. 

A and B (Figs. I, II, and II) represent the intermittent currents 
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roduced ; four impulses of A being made in the same time as five 
impulses of B. c c c, etc., show where and for how long time the 
circuit is made, and d d d, etc., indicate the duration of the breaks 
of the circuit. 

The line A + B shows the total effect upon the current when the 
transmitting instruments for A and B are caused [to] simultaneous! 
to make and break the same circuit. The resultant effect depends 
very much upon the duration of the make relatively to the break. 
In Fig. I the rate is as 1: 4; in Fig. II as 1: 2; and in Fig. III the 
makes and breaks are of equal duration. 

The combined effect A + B (Fig. III), is very nearly equivalent 
to a continuous current. 

When many transmitting instruments of different [pitch] rates 
OF VIBRATION are simultaneously making and breaking the same 
circuit, the current upon the main line [loses altogether its inter- 
mittent charater and] becomes for all practical purposes continuous. 

[But now] Next consider the effect when an undulatory current 
is employed. 

Electrical undulations induced by the vibration of a body capable 
of inductive action can be represented graphically without error by 
the same sinusoidal curve which express the vibration of the induc- 

ing body itself, and the effect of its vibration upon the air. 
2127 For, as above stated, the rate of oscillation in the electrical 

current corresponds to the rate of vibration of the inducing 
body; that is, to the pitch of the sound produced; the intensity of 
the current varies with the amplitude of vibration ; that, is, with the 
loudness of the sound; and the polarity of the current corresponds 
to the direction of the motion of the vibrating body ; that is, to the 
condensations and rarefactions of air produced by the vibration. 
Hence the sinusoidal curve A or B* (Fig. IV) represents graphically 
the electrical undulations induced in a circuit by the vibration of a 
body capable of inductive action. 

The orizontal line (a d b f) represents the zero of current; the 
elevations (ccc) indicate impulses of positive electricity; the de- 
pressions (e e e) show impulses of negative electricity; the vertical 
distance (cd or ef) of any [point on] PporTION or the curve from the 
zero line expresses the intensity of the positive or negative impulse 
at the part OBSERVED H; and the horizontal distance (a a) indicates 
the duration of the electrical oscillation. 

The vibrations represented by the sinusoidal curves A and B(Fig. 
IV) are in the ratio aforesaid, of 4:5; that is, four oscillations of A 
are made in the same time as five oscillations of B. 

The combined effect of A and B, when induced simultaneously on 
the same circuit, is expressed by the curves A + B (Fig. IV), which 
is the algebraical sum of the sinusoidal curve and B. This curve 
(A + B) also indicates the actual motion of the air when the two 
musical notes considered are sounded simultanevusly. 
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Thus, when electrical undulations of different rates are simulta- 
neously induced in the same circuit, an effect is produced exactly 
analogous to that occasioned in the air by the vibration of the in- 
ducing bodies. 

Hence the coexistence [of ] uron a telegraphic circuit of electrical 
vibrations of different pitch is manifested—not by the obliteration of 
the vibratory character of the current, but by peculiarities in the 
shapes of the electrical undulations; or, in other words, by pecu- 
liarities in the shapes of the curves which represent those undula- 

tions. 
2128 [Undulatory currents of electricity may be produced in 

many other ways than that described above, but all the 
methods depend for effect upon the vibration or motion of bodies 
3 of inductive — 

here are many — ways of producing undulatory currents 

of electricity, but all of them depend for effect upon the vibration 
or motion of bodies capable of inductive action. A few of the 
methods that may be employed I shall here specify.* 

[a shall specify a few of the methods that may be used to produce 
the effect.] 

When a wire through which a continuous current of electricity is 
passing is caused to vibrate in the neighborhood of another wire an 
undulatory current of electricity is induced in the latter. 

When a cylinder upon which are arranged bar-magnets is made 
to rotate in front of the pole of an electro-magnet an undulatory 
current is induced in the coils of the electro-maynet. 

Undulations may also be caused in a continuous voltaic current 
by the vibration or motion of bodies capable of inductive action, or 
by the vibration of the conducting wire itself in the neighborhood 
of such bodies. : 

In iliustration of the method of creating electrical undulations I 
= show and describe one form of apparatus for producing the 
effect. 

‘I prefer to employ for this pur an electro-magnet (A, Fig. 5) 
having a coil upon only one of its legs (6). <A steel spring arma- 
ture (c) is firmly clamped by one extremity to the uncovered leg (d) 
of the magnet, and its free end is allowed to project above the pole 
of the covered leg. The armature (c) can be set in vibration in a 


variety of ways (one of which is by wind), and in vibrating it yields 


a musical note of a certain definite pitch. 
When the instrument (A) is placed in a voltaic circuit (g be, 
g) the armature (c) becomes magnetic, and the polarity of its free 
end is opposed to that of the magnet underneath. So long 
2129 as the armature (e) remains at rest no effect is produced upon 
the voltaic current, but the moment it is set in vibration to 
produce its musical note a powerful inductive action takes place and 
electrical undulations traverse the circuit (g b ef g). The vibratory 
current passing through the coils of the distant electro-magnet (f) 
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causes vibration in its armature (h), when the armatures (e h) of the 

two instruments (A I) are normally in unison with one another; 

but the armature (Ii) is unaffected by the passage of the undulatory 
current when the pitches of the two instruments (A I) are different 

[from one another}. 

A number of instruments may belplaced upon a telegraphic cir- 
cuit (as in Fig. VI). When the armature of any one of the instru- 
ments is set in vibration all the other instruments on the circuit 
which are in unison with it respond, but those which have normally 
a different rate of vibration remain silent. Thus if A (Fig. VI) is 
set in vibration, the armatures of A' and A? will vibrate also, but 
all the others on the circuit remain still. So also if Bi is caused to 

* emit its musical note the instruments B B* respond. They continue 
sounding so long as the mechanical vibration of Bi is continued, but 
become silent the moment its motion stops. The duration of the 
sound may be made to signify the dot or dash of the Morse alphabet, 
and thus a telegraphic despatch can be transmitted by alternately 
interrupting and renewing the sound. 

When two or more instrumenis of different pitch are simultane- 
ously caused to vibrate all the instruments of corresponding pitches 
upon the circuit are set in vibration, each responding to that one 
only of the transmitting instruments with which it is in unison. 
Thus the signals of A are repeated by Al and A“, but by no other 

* instruments upon the circuit; the signals of B by B and Bi, and 

the signals of Ci by C and G, whether A, B?, and Ci are successively 
or simultaneously set in vibration. 

: Hence, by these instruments, two or more telegraphic signals or 

messages may be sent simultaneously over the same circuit without 
interfering with one another. 

2130 I desire here to remark that there are many other uses to 

which these instruments may be put, such as the simultane- 

ous transmission of musical notes differing in loudness as well as in 

omy and the telegraphic transmission of noises or sounds of any 
ind. 

When the armature c (F ig V) is mechanically set in vibration the 
armature h responds not only in pitch but in loudness. Thus when 
— e vibrates with little amplitude, a very soft musicial note proceeds : 
from h, and when c vibrates forcibly the amplitude of vibration of h 
is considerably increased, and the sound becomes louder. So if A 
and B (Fig. VI) are sounded simultaneously (A loudly and B softly) 
the instruments A! A“ repeat loudly the signals of A, and the in- 
struments B! B repeat gently those of B. 

One of the ways in which the armature (c) Fig. VI may be set in 
vibration has been stated above to be by wind. Another mode is 
shown [by] ix Fig. VII [which], wHEREBy motion can be imparted 
to the armature by means of the human voice or by the tones of a 
musical instrument. 
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the uncovered pole (d) of the electro-magnet (6), and its other ex- 
tremity is attached to the centre of a stretched membrane (a). A 
cone, A, is used to converge sound vibrations upon the membrane. 
When a loud sound is uttered in the cone the membrane (a) is set 
in vibration, the armature c is forced to partake of the motion, and 
thus electrical undulations are caused upon the circuit Eb e f g. 
These undulations are similar in form to the air vibrations caused 
by the sound—that is, they [are] cAN BE represented graphically by 
similar curves. The undulatory current passing through the electro- 
magnet (f) influences [the] 1Ts armature (h).to copy the motion[s] 
of the armature (c). A similar sound to that uttered into A is then 
heard to proceed from L. 

[Having described my invention, what I claim and desire to se- 
cure by letters patent is as follows: 

1. A system of telegraphy in which the receiver is set in vibra- 
tion by the employment of (vibratory or) undulatory currents of 
electricity. | 
2131 2. The method of creating an undulatory current. of elec- 

tricity by the vibration of a permanent magnet or other body 
capable of inductive action. 

3. The method of inducing undulations in a continuous voltaic 
current by the vibration or motion of bodies capable of inductive 
action. 

4. The method of and apparatus for transmitting vocal or other 
sounds telegraphically by (inducing in a continuous voltaic circuit) 
CAUSING ELECTRICAL undulations similar in form to the vibrations 
of the air accompanying said vocal or other sounds, the whole for 
operation substantially as HEREIN shown and described. } 

In this specification the three words “ oscillation,” vibration,“ 
and “ undulation ” are used synonymously. 

By the term “ body capable of inductive action” I mean a body 
which, when in motion, produces dynamical electricity. I include 
in the catagory of bodies capable of inductive action brass, copper, 
and other metals, as well as iron and steel. | 

Having described my invention, what I claim and desire to secu 
by letters patent, is as follows : ) 

1. A system of telegraphy in which the receiver is set in vibration 
by the employment of undulatory currents of electricity. : 

2. The combination of a permanent magnet or other body capa- 
ble of inductive action with a closed circuit, so that the — 
of 3 one shall produce electrical undulations in the other or in 
itself. 

Thus (a). The permanent magnet or other body capable of in- 
ductive action may be set in vibration in the neighborhood of the 
conducting wire forming the circuit. 

(6.) The conducting wire may be set in vibration in the neighbor- 
hood of the permanent magnet. 

(c.) The conducting wire and the permanent magnet may both 
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simultaneously be set in vibration in each other's neighborhood ; 

and in any or all of these cases electrical undulations will be pro- 
duced upon the circuit. 

2132 3. The method of producing undulations in a continuous 
voltaic current by the vibration or motion of bodies capable 

of inductive action, or by the vibration or motion of the conducting 

wire itself in the neighborhood of such bodies. 

4. The method of and apparatus for transmitting vocal or other 
sounds telegraphically, as — described, by causing electrical un- 
dulations similar in form to the vibrations of the air accompanying 
the said vocal or other sounds. 


(Indorsement.) 


These papers were received by me from Professor Alex. G. Bell in 
the winter of 1875-6, shortly before I left for England. I can fix 
the exact date by reference to my books and papers, but have not 
these at hand now. 


Toronto, 12 Novem., 1878. 
| GEO. BROWN. 
(Here follow diagrams marked pp. 2133, 2134, 2135.) 
2136 Bell’s George-Brown Specification, No. VI. 
Explanations and Instructions. 
Patent No. 1. 


Spark arrester.—Instrument to take the place of a condenser in 
reducing the spark in a voltaic circuit. No patent applied for 
anywhere. Model enclosed to show the working. 


(Model of transmitting instru- (Model of spark arrester and 
ment for patent 3.) mode showing its action. 
6 
a 
—_" F 4 


To illustrate the action of the spark arrester take a model of trans- 
mitting instrument for patent 3 and connect screw cups 1 and 2 
with the poles of a powerful battery. The steel-spring armature 
will vibrate, and a bright spark will appear between the points p s. 
[Connect] Place acidulated water in the spark arrester, and con- 
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nect the screw cups b c with the screw cups A and 4 of the trans- 
mitting instrument as in the above diagram. The spark between p 
and s will disappear. 


Patent No. 2. 


Vibratory circuit-breaker and autograph telegraph.—Patent in the 
U. S., obtained April 6th, 1875, for 17 years. Patent applied for 
in the U. S. March 6th, 1875. 


Noother party has applied for a patent for this in the U.S., although 
Mr. Gray claims to have invented the instrument independ- 

2137 ently, and has, I believe, applied for patent in England upon 
it. He does not, however, lay any — to the application 


to autograph telegraphy. Model of new apparatus and copy of 
patent herewith. 


Mode of Illustrating the Working of the Vibratory Circuit- Breaker. 


Connect the transmitting instrument (for patent 3) with instru- 
ment for patent 2 and 5, as in the above diagram. Small battery 
B connected with cups 2 2 to represent local battery. 

Another battery, BI, connected by one pole with screw cups (6) 
of receiving instrument: by other pole with screw cup 3 of the 
transmitter, an ordinary telegraph key, K, being interposed, as 
shown in the diagram. The spring armature of the transmitting 
instrument should vibrate; IF Nor, sTART IT with the finger. The 
screw S Si of the trans. may require adjusting. When the key K 
is depressed a bright spark should be seen on both sides of the 
spring when it touches the screws S S'. 

The spring of the receiving instrument should be in unison with 
the spring of the transmitter; if not, an apparatus is enclosed by 
means of which it can be tuned. The spring of the transmitter is 
kept continuously vibrating by the action of the battery B. When 
the key K is depressed the spring E of the receiving instrument will 
vibrate, and when the key is raised the vibration of the spring will 
stop. 
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The vibratory circuit-breaker G now wants adjusting, so that S 
shall rest upon p without — spring E. A local circuit is . 
formed containing battery B' and a Morse sounder. 
2138 When the key K is depressed E should vibrate, and in 
doing so should knock up S away from p, thus breaking the 
circuit in which the Morse sounder is placed. As S has a slower 
rate of vibration than E struck upwards bY E before it can touch 
the point p, and thus the circuit is kept broken as long as the key K 
is depressed, and is made whenever the key is raised. The height of 
p can be adjusted, and, when once adjusted, Doks NOT WANT ALTER- 
ING. 
Patent 3. 


Multiple transmission of signals by means of an intermittent cur- 
rent—communication in one direction only; hence [to] two wires 
required—main battery required at each station. 


Gray has patents for this in England. Mr. Bell put in applica- 
tion for this in U. S. about Feb. 25th, 1875. Mr. Gray made appli- 
cation in the U. S. previous to Mr. Bell, but made no progress. On 
Mr. Bell’s applying Mr. Gray — to perfect his + ao — 
Both are now in abeyance. Copy of application herewith enclosed 
with model. Mr. Bell has models made by himeelf in the winter of 
1872-3, and can prove the object for which they were made. He 
made application to the British Government Jan’y 10th, 1874, re- 
questing investigation of his method of multiple telegraphy. A 
copy of the letter sent and the answer received will be found in 
communication forwarded to Mr. Brown, in Toronto. 


No. 4. 


Use of induced current for two pu 

1. Multiple transmission of signals in both directions simulta- 
neously on a single wire; and, 

2. The method of doubling the number of signals possible on the 
acoustical plan by applying the ordinary duplex system now in 
use. 

Main battery required at each station. Applications were made 
by Bell and Gray for patents. in the U. S. under precisely same cir- 
cumstances as in No. 3, and both applications are in abeyance. _ 

Believe Gray has obtained patents in England. 


2139 No. 5. 


Entirely new. Covers all the ground of 3 and 4, and perfects the 
work in them by a new and better process. 

The new principle applied is the employment of an undulatory 
instead of an intermittent current. 

Multiple transmission of signals in both directions without Rhum- 
korff coils. Single main battery for whole circuit instead of one at 
each station. Model forwarded. No patents applied for anywhere 
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Two models are forwarded, one of them enclosed in a box to show 
how the steel armature may be vibrated by wind. 

The main feature may be illustrated thus: Connect the two mod- 
els a and ö together on circuit with small battery e, as shown in the 


diagram. 


a. 7 
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Upon plucking the spring of b with the finger the sound will be 
audible at d, upon placing the ear against the box, although the 
two instruments are not in unison. 

If the spring of ö is tuned to unison with d the steel reed in a 
will vibrate with considerable amplitude. 

N. B.—It is understood that Mr. Bell will not perfect his applica- 
tions in the American Patent Office until he hears from Mr. Brown, 
that he may do so without interfering with European patents. 

The owners of the American patents desire to have Bell employ 
some competent person as a practical electrician to aid him in put- 
ting his instruments into working operation, and making the instru- 
ments necessary for that purpose. The expense is to be shared 
jointly between the owners of the American [patent] and foreign 

tents, provided Mr. Brown, after consultation with his friends in 

ngland, is satisfied with the value of Mr. Bell’s inventions and de- 
cides to patent [it] THEM. The whole expense shall not exceed three 
[hundred] rHousanp dollars. 

No expenses for obtaining patents to be included in this agree- 

ment. 


(Here follow diagrams marked pp. 2140, 2141, 2142.) 
2143 Complainants’ Exhibit Deposition of Gardiner G. Hubbard in 
Dowd Case. 


(Complainants’ Record, page 1693.) 
Deposition of Gardiner G. Hubbard. 


Direct examination by J. J. Storrow, Esq., of counsel for 
complainants: 
Boston, June 25, 1879. | 
Int. 1. Please state your name, age, residence, and occupation. 
Ans. Gardiner G. Hubbard; fifty-six; my residence during the | 
last winter has been at Washington, D. C.; counsellor-at-law. 0 
Int. 2. Are you connected with the Bell Telephone Company, and 
how long have you been so connected? | 
Ans. I have been connected with it.since its formation. Before 
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transmit vocal speech, I did not fully comprehend his ideas, or rather 
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that I was trustee for the owners of the patents from July, 1877. 
Before that time I was interested in the patents as a part owner. 

Int. 3. When did you first become interested in Mr. A. G. Bell’s 
electrical inventions? : 

Ans. In August or September, 1874. 

Int. 4. Will you state what particular circumstance, if any, at- 
tracted your attention to them ? 

Ans. Mr. Bell was playing on the piano at my house and sud- 
denly stopped and ask me I knew that in singing into the piano 
the proper note would respond; that is, if he sang the note “do,” 
“do” would respond from the piano; that if two pianos in different 
places were connected by a wire, and the key of one was played 
upon, both being connected in a telegraphic circuit, the other would 
respond. I then asked him what value there was to that fact. He 
replied that by means of it telegraphic communications could be 
carried on between two places to much greater advantage than by 
the Morse instruments. This conversation resulted in an arrange- 
ment with him and Mr. Thomas Sanders, who was then associated 
with him, by which I became one-third owner in Mr. Bell’s tele- 
graphic inventions. 

Int. 5. State whether or not Mr. Bell ever spoke to you about a 

harp arrangement, so called, shown in the Defendants’ Ex- 
2144 hibit “Second Extract from Bell’s London Lecture;” and, if 
so, when did he first speak to you about it? 

Ans. I know that he spoke to me about some harp arrangement, 
and that it was substantially like the one referred to. The conver- 
sation was in the fall of 1874 or spring of 1875. I was then living 
in Cambridge, Mass., in the summer, spending my winters in Wash- 
ington, leaving Cambridge in that and subsequent years early in 
December, and returning in the succeeding spring or summer, after 
the adjournment of Congress. In the spring of 1875 Congress ad- 
journed the fourth of March, and I returned shortly after that time 
to Cambridge. 

Int. 6. Did he describe to you by what agency the reeds of the 
transmitting harp were to be set in operation; and, if so, what did 
he say in substance? 

Ans. I think he did. They were to be set in operation by “ pluck- 
ing,” as I think he called it, 2 little strip of metal fastened at one 
end. There was to be a successiun of these representing the different 
notes. Two corresponding instruments — connected by a telegrap ie 
wire, so that when one of these keys was plucked the corresponding 
one would vibrate. 

Int. 7. What did he say about speaking or singing in the vicinity 
of one [of ] these harps, and the effect of such action? 

Ans. He hada = deal to say in the spring and summer of 
1875 in regard to the sound waves produced by two musical instru- 
ments attached at opposite ends of the wire, and the ability by play- 
ing on one to produce the corresponding note in the other, and the 
possibility of causing a spoken word to be transmitted, but as I had 
no knowledge of or ear for music, and no belief in his ability to 
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the mechanism by which he expected to produce his results. Mr. 
Bell, at my request, was in the habit from time to time of writing 
letters to me recording the progress that he made, that I might have 
the knowledge of what he was doing, and evidence to be used if it 
should be required, as I believed his inventions would be of very 
great pecuniary value, and therefore probably litigated, and by 
reference to these letters I have refreshed my recollection of these 
subjects. 
2145 Int. 8. Please to look at the letter now shown you. State 
when and where it is dated, to whom it is addressed, in whose 
handwriting it is, and by whom it is signed, and whether you re- 
ceived it at or about the time of its date. 

Ans. Salem, Mass., May 4, 1875, is the date; it is addressed to 
me in the handwriting of and signed by Mr. Bell, and was received 
by me about the time of its date. 

Int. 9. Please to answer the same question about each of the let- 
ters now shown you. 

Ans. The next is dated Salem, Mass., June 2, 1875, addressed to 
me in the handwriting and signed by Mr. Bell. The third is dated 
Salem, Mass., June 28, 1875, addressed to me in the handwriting of 
Mr. Bell and signed by him. The next, Salem, Mass., July 1, 1875, 
addressed to me in the handwriting of and signed by Mr. Bell. 
The next is Salem, Mass., July 7, 1875, addressed to me in the same 
handwriting and same signature. The next is dated Salem, Mass., 
Aug. 14, 1875, addressed to me, same handwriting and signature. 
The next is dated Toronto, Sept. 28, 1875, addressed to me in the 
handwriting of and signed by Mr. Bell. All these letters were re- 
ceived by me at or about the time of their date. | 

Int. 10. All the letters dated at Salem refer to certain apparatus 
which the writer says he was using or experimenting with at Salen. 
or Boston. Did you see any of the apparatus referred to in each of 
— respectively, and, if so, when and where for the first 
time 

Ans. I made an arrangement with Mr. Charles Williams, Jr., 
manufacturer of electrical instruments, by which he furnished ma- 
chinery and one of his workmen, Mr. Watson, to make such instru- 
ments as Mr. Bell requested. I was in the habit of going very fre- 

uently to Mr. Williams’ shop to see what was going on, and believe 
that I there saw the various instruments, as well as many others, 
described in these letters. I was more particular to see the things 
described in the letters, as they were supposed to be of the most im- 
portance, and should have noticed if there was any omission of the 
things described in the letters. Most of them I have a distant recol- 
lection of. On further reflection I think Mr. Bell may have made 
the first arrangement with Mr. Williams. 
2146 Int. 11. Do you remember any apparatus or experiment 
made at the time of those letters in which a sound was made 
on the receiving instrument by plucking with the finger or by any 
other mechanical means a reed on the transmitting instrument? If 
so, state whether you saw such an exhibition more than once. 
Ans. I recollect distinctly what Mr. Bell calls the steel reed, de- 
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scribed in his letter of July 7, 1875, plucking it by the finger and 
listening to the corresponding instrument vibrating, and think he 
had a bellows there which he operated, but am not so confident as to 
the bellows. 

Int. 12. State whether or not you remember, during the period of 
these letters, seeing Mr. Bell-have an apparatus in which the reed 
was attached to a membrane, and, if so, how was the membrane to 
be moved or vibrated ? 

Ans. I remember distinctly two instruments, to each of which a 
membrane was attached, and think a reed was fastened to the mem- 
branes, but I am not certain, and that he undertook to speak to one 
membrane while Mr. Watson or myself was to hear at the other 
instrument. The instruments were so arranged that the mem- 
branes could be stretched till they were quite tight, like a small 
drum-head. I could hear a sound but could never distinguish any 
spoken words. 

Int. 13. Did you or did you not at that time understand that by 
the instruments you saw, or others similar to them, words had been 
transmitted and understood by the listener at the receiving station? 


(Objected to as incompetent.) 


Ans. My impression is that when I was witnessing some of these 
experiments Mr. Watson said he could understand something that 
was said. 

Int. 14. Some of these letters refer to the transmission of spoken 
messages. Did you at that time understand that Mr. Bell’s inven- 
tions for the transmission of articulate speech belonged to vou and 
Mr. Sanders under the agreement you have already spoken of, and 
what did Mr. Sanders claim about it during that summer or au- 
tumn? 


(Objected to as incompetent.) 


Ans. I always said that under our agreement we could not 

2147 claim an invention for the transmission of speech. Mr. San- 

ders took a different view; Mr. Bell agreed with me in opin- 

ion. Finally we referred the question to Mr. Pollok, our attorney. 

He thought that, considering all the circumstances, as we had ad- 

vanced the funds which led to the invention, it should be given to 
us, even if not included strictly in the terms of the agreement. 

Int. 15. State whether or not Professor Bell talked with you 
during the summer and autumn of 1875 upon the subject of the 
electrical transmission of speech, and how much his mind seemed 
to be accupied with that subject? 

Ans. He did speak with me. His mind seemed to me to be occu- 
pied with it a great deal more than was to my pecuniary Te, 
as I did not then believe the transmission of speech could ever 
made commercially valuable, and I at several times remonstrated 
with him for spending so much time upon the subject. 

Int. 16. What did you want him to spend his time upon, and 
why? 
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Ans. Upon instruments that would transmit many musical notes 
simultaneously or upon an autograph telegraph upon which he was 
working, as I believed such instruments would be of more pecuniary 
value than any instrument for transmitting speech. 

Int. 17. The letter of Aug. 14 suggests that a caveat or patent be 
immediately taken out. Was that done: and, if not, why not? 

Ans. I advised him not to take out a caveat, as I had been in- 
formed by Mr. Pollok that a caveat was a distinct declaration that 
you had not made an invention, and therefore he should take out a 
patent at once. This he declined to do, as he wished to take out 
patents simultaneously in England and America. He had then no 
arrangement for taking out foreign patents, and was unable to incur 
the expense, while I was unwilling to incur that expense. 

Int. 18. State what you know as to any delay in taking out the 
American patent, caused by his desire to take out foreign patents, 
and whether at any time afterward you offered to bear the expense 
of taking out foreign patents; and, if so, why ? 

Ans. Mr. Bell wrote to friends in Edinburgh asking them to take 

out foreign patents. Not hearing from them he applied to 
2148 George Brown, of Toronto, Canada, and received assurances 

from him in September, 1875, that he would aid him. Mr. 
Bell’s father lived in Canada. He returned from visiting his father 
early in October, 1875. Nothing was heard from Mr. Brown for 
some time, and I was greatly annoyed at this delay in applying for 
the American patents, and finally offered to furnish the money for 
the foreign patents simply for the purpose of having our own patents 
applied for, intending to charge the expense to the American patents, 
taking no interest in the foreign one, as I did not believe any foreign 


— would pay me for looking after it. Mr. Bell was unwilling to 


under any pecuniary obligation to me, as he was then hoping to 
become my son-in-law, and finally promised that if he could not 
obtain the money in any other way he would borrow the money of 
his father. 

Int. 19. State whether or not the patents referred to in your last 
answer were intended to cover the speaking telephone. 


(Objected to as incompetent.) 


Ans. They were, and that was, in Mr. Bell's view, the principal 
feature in them, and on that account he was sv anxious to have 
them taken out in England, as he believed it was a very wonderful 
invention. 

Int. 20. State when you first saw or had in your possession the 


specification of Mr. Bell’s patent of March 7, 1876, and when, if 


ever, you took it to Washington. 

Ans. I saw the specification of the speaking telephone in October, 
1875. I believe it was substantially like the one for which the 
letters patent were issued, though several changes were made in it 
subsequent to my first seeing it. I believe I took it with me to 
Washington in the first of December, 1875; I showed it to Mr. 
Pollok, brought it back with me on leaving Washington, Dec. 14 or 


15, then look it with me on my return to Washington, which was, I : 4 
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think, on the 10th of January, 1876, showed it again to Mr. Pollok, 
then I returned it to Mr. Bell for his signature and oath. 

Int. 21. Will you state in this connection when and where the 
specification that was filed in the Patent Office Feb. 14, 1876, ap- 
pears to have been signed and sworn to? 

Ans. At Boston, Jan. 20, 1876. 
2149 Int. 22. State, if you know, why it was not immediately 
filed in the Patent Office. 

Ans. I met Mr. Bell in New York about Jan. 25, at his request 
to meet Mr. George Brown, of Toronto. We met Mr. Brown, and 
he agreed to take out letters patent in Great Britain. Mr. Bell gave 
me his copy of the specification, which I was to take under a prom- 
ise, which he exacted from me, that it should not be filed at Wash- 
ington until Mr. Brown should have filed it in England. He did 
not hear from Mr. Brown as he expected, and finally wrote to me 
[that if he did not hear by acertain day that I might file it. I 
strenuously objected to the least delay, but it was of no avail, as he 
wished 2 it taken out in his native country, that he might 
there have the benefit of what he believed a great invention. ] 


(Passage in brackets objected to as incompetent.) 


Int. 23. State what you did with regard to having Mr. Bell ex- 
hibit speaking telephones at the Centennial Exhibition. 

Ans. I had charge of the educational exhibit of the State of 
Massachusetts at the Centennial, and was very anxious to have Mr. 
Bell exhibit it there. This he at first declined to do, but finally 

ielded to my wishes, and it was entered some time after the open- 

ing of the exhibition, and formed a part of our educational exhibit. 

nt. 24. What instruments of his do you recollect seeing on ex- 
hibition there relating to electrical telephony ? 

Ans. He had his speaking telephone, consisting of the transmitter 
and, I think, two receivers, and a long bottle with a cork and a rod 

rojecting through the cork into the water for exhibiting some other 
orm of accomplishing this same end. I think there was some other 
apparatus connected with the bottle. 
nt. 25. What did you have to do with the exhibition before the 
judges on Sunday, or in preparing for it? 

Ans. I made arrangements with Professor Barker and others for 
an exhibition on Sunday, to take place immediately after the exhibi- 
tion of Mr. Gray’s telephone, at which it was understood the Emperor 
of Brazil, Sir William Thomson, and some, if not all, of the judges 
were to be * As the weather was very hot I was tired out, 
and Mr. Bell consented to my leaving that evening if my nephew, 

Mr. William Hubbard, for whom I had telegraphed to Cam- 
2150 bridge,cameon. He arrived at midnight, Saturday, and I 
left By the same train for Washington. 

— 26. Please state — you — heard Professor Dolbear had 
made any invention relating to the speaking tel and state 
what you then heard, what inquiries — 0 — what 
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conclusions you arrived at as to the bearing of what you had heard 
upon the rights and interests of yourself and Mr. Bell. 


(Objected to as incompetent.) 


Ans. Mr. P. D. Richards, of Somerville, was employed by me 
as an assistant at Philadelphia, in charge of the educational exhibit. 
He was a friend of Mr. Dolbear, and on my return to Boston in the 
Christmas holidays he was closing up our exhibit, and spoke to me 
of the great improvement which i said his friend, Professor Dol- 
bear, of Tufts College, had made in the telephone. He described 
the invention to me, advising me to purchase it. I mentioned it to 
Mr. Bell. Hesaid [it was nothing new, as he had found it out months 
before.] I therefore came to the conclusion that it was of no value 
to us, and declined to have anything todo with it, and did not even 
see Mr. Dolbear. 


(Passage in brackets objected to as incompetent.) 


Int. 27. In Mr. Dolbear’s sixty-third cross-answer, page 298, of 
the record,* is a letter from him to Professor Bell, making some 
statement regarding Professor Dolbear's inventions, and asking in 
substance that Professor Bell in his public utterances should speak 
of Professor Dolbear’s claims. State whether or not you advised 
with Professor Bell on the subject of that letter, and what you ad- 
vised him with rd to the public statenients Professor Dolbear 
desired him to make, and why you so advised him. 

Ans. The letter was received, I think, the afternoon or the even- 
ing of the lecture, or, at any rate, Mr. Bell first showed it to me at 
that time, saying that he to gy to speak of Mr. Dolbear’s inven- 
tions in telephony at his lecture. I advised him to do nothing of 
the kind, as he had no knowledge of anything that Mr. Dolbear had 
done excepting from his own statements, and he might thereby give 
credit to Mr. Dolbear to which he was not entitled. There were 
three of these lectures, and this was the second or third. 

Int. 28. Pages 310 and 311 of the record* contain two 

2151 letters written by you to Professor Dolbear referring to an 

interview with Professor Dolbear at your house, which I un- 

derstand to be the one referred to in his testimony. Please state 

whether the statements contained in those letters, as to what passed 
at that interview, are or are not correct. 

Ans. The statements made in my letters to Mr. Dolbear I then 
believed to be correct, and I now believe they were true and correct. 

Int. 29. State whether or not at that interview, or at any other 
time, either you, or Mr. Bell in your presence, declared in — 
that the invention of using the permanent magnet in a speakin 
telephone with a coil around one or both ends of it, as shown an 
described in Bell’s patent of Jan. 30, 1877, or the invention of using 
a metallic disk or diaphragm instead of a membrane in a receivin 
or transmitting instrument, or both, were not made by Mr. Be 
until January, 1877. If you have any document which satisfies you 


— — —— ᷑ĩ — — 
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* The Dowd record is here referred to. 
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that it is impossible that either of you should have made any such 
statement, please refer to it. . 

Ans. At that interview Mr. Dolbear, I think, stated that his in- 
vention wasconceived by him in September or October, 1876; that 
for about two months subsequent to that time he was sick and un- 
able to do anything about his conception ; that he first began work- 
ing it out in December, 1876, and completed it subsequent to that 
time, I think in January. 1 told him that Mr. Bell had made the 
same invention and put it in operation before he thought of it or 
ever heard of the telephone, and that an account of an experiment 
without a battery was published in a Boston daily paper before De- 
cember, 1876. I think I have letters written to me by Mrs. Hubbard 
in June or July, 1876, in which she speaks [of the wonderful im- 
provement that Mr. Bell has made in his invention by which he 
could dispense with any battery]. I do not now remember any 
other documents than the newspaper and the letters. 


(Passage in brackets objected to as incompetent.) 


Int. 30. State whether or not you find these two features described 
in the provisional specification of his English patent 4765, filed in 
the English patent office Dec. 9, 1876. 


(Objected to as incompetent.) 


Ans. Mr. George Brown did not carry out his agreement 

2152 with Mr. Bell, and, subsequently, another specification was 

prepared, including improvements made by Mr. Bell, and in 

that specification I find reference to thisdevice. This specification 

seems to have been filed in the office of the commissioner of patents, 

in England, the 9th of December, 1876, and must, therefore, have 
been forwarded from America some time earlier. 

Int. 31. State whether after the exhibition before the judges of the 
Exhibition at Philadelphia vou made arrangements for the trans- 
mission of speech from Boston to Philadelphia, or attempted to make 
such arrangements. 

Ans. Mr. Bell believed that he could transmit speech from Boston 
to Philadelphia, and was so urgent in his request that I consented to 
his making the trial. We, each of us, he in Boston and I in Phila- 
delphia, tried to obtain the use of the wires for that purpose, and I 
think a day was appointed, but, I think, we failed to obtain any 
wires, as they were all very busy. 

(Adjourned to June 26.) 

Boston, June 26, 1879. 


Witness desires to make the following corrections : 


In answer to the twenty-ninth inte tory I stated that in my 
interview with Mr. Dolbear I told him that an account of an ex- 

-riment without a battery was published in a Boston daily paper 

fore December, 1876. On reflection I am satisfied that, although 
that publication was in my mind at the time of the interview, I did 
not mention the fact of publication to Mr. Dolbear. 

In my answer to the twenty-fourth interrogatory I referred to a 
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long bottle with a cork. I am now satisfied, in conference with Mr. 
Bell, that this long bottle was some kind of a battery with which I 
was not then acquainted. 
Int. 32. Please look at your twenty-second answer, particularly 
the part that has been objected to. State whether in point of fact 
ou did delay having the application filed in consequence of Mr. 
Bell’s desire to wait until an application could be made in England. 
Ans. I did. 
Int. 33. State when speaking telephones began to be — out into 
public use as a general business under license from the Bell patents 
and under your direction. 
2153 Ans. The first were to Mr. Downer, of the firm of Stone & 
Downer, early in May, 1877. The next were, I think, early 
in June. During this month I went to the West and distributed 
telephones at Cleveland, Chicago, and Pittsburg to gentlemen who 
desired to act as agents. 
Int. 34. Was it during that journey that you furnished General 
— 2 the telephone referred to on page 381 of the printed 
record? 


Ans. It was. General Stager was an old acquaintance of mine, 


and, therefore, I went to him immediately upon my arrival in 
Chicago. 

Int. 35. How many speaking telephones had you put out so licensed 
prior to the first of November, 1877? 

Ans. I had put out a few over 3,000—3,060, according to my mem- 
orandum. 

Int. 36. About how many have there, up to this time, been put out 
by the Bell Telephone Company or the different organizations which 
have successively held the Bell patents and with which you have been 
connected ? 

Ans. Over 37,000, exclusive of those sold for export. 

Int. 37. State whether, within your knowledge, any telephones not 
licensed under. the Bell patents had been put in use by any persons 
except the American Speaking Telephone Company, the Western 
Union Telegraph Company, and the corporations connected with 
them, and under whom the defendant has attempted to justify, as 
on page 111 of the record*; and, if so, state to what extent such 
other parties have put out speaking telephones. 

Ans. The first party that I now recollect was Tillotson, of New 
Vork; Jones and Brothers, of Cincinnati; Bunnell, of New York, 
and Hard, of Boston. Most of these parties sold all, or nearly ail, 
of the parts of — — sometimes without the diaphragm. Jones 
and Bunnell and Tillotson probably sold several hundreds. I do 
not know anything about the number Hard sold. 


Int. 38. Do any of the parties continue to sell speaking telephones 


or parts of telephones; and, if not, how have they been stopped? 
Ans. When Tillotson was notified of his infringement of 
2154 the Bell patents he wrote a letter apologizing for the error 
which he had committed, and promi to make no more, 


*The Dowd record is here referred to. 
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and has made no more that I know of, until recently, and these were 
for the Gold and Stock Telegraph Company. A bill in equity was 
brought against Jones, by myself, as trustee, on the Bell patents, and 
after a oe on bill, answer, and affidavits an injunction was 
granted by Judge Baxter, of the circuit court of the United States. 
A bill in equity was brought against Bunnell in the New York cir- 
cuit, answer filed, and injunction granted. This bill was brought, I 
think, in the name of the Bell Telephone Company. A bill was also 
brought against Hard in Boston and an injunction obtained. I did 
not have the immediate direction of this last suit. I am not aware 
of any parties having manufactured telephones or parts of them in 
violation of our patents for several months past, except those claim- 
ing under Mr. Gray or the Western Union. 


(Cross-examination waived.) 


(The letters referred to by the witness and dated Salem, Mass., Ma 
4, 1875; June 20, 1875; June 28, 1875; July 1, 1875; July 7, 1875, 
and August 14, 1875, and one dated Toronto, September, 28, 1875, 
are marked by the examiner with his initials, for identification. 


GARDINER G. HUBBARD. 
Attest: W. P. PREBLE, Jr., 
Exami 


Mer. 


2155 Defendants’ Exhibit Bell’s Letters of Dec. 15, 1874, Feb. 12, 1875, 
and March 5, 1875. 


(Vomplainants’ Record, page 1694.) 


SALEM, Mass, December 15th, 74. 


My Drank Sir: I have been unwell for some days past or I should 
have written to you. : 

I have this afternoon made a curious discovery, if indeed further 
experiment confirms it, and I want your assistance in the matter. 

hen we take hold of the handles of an ordinary electro-magnetic 

machine the muscles of our arms are made to vibrate at a rate cor- 
responding to the making and breaking of the — circuit. 

Now, the thought struck me that if we could make the direct and 
inversed induced impulses succeed one another as apy as the 
crests and depressions of waves, then an electrode applied to the ear 
so as to induce a vibration in the membrane tymp. should create the 
sensation of sound without the aid of any intermediate apparatus: 

I have had an instrument made and the experiment seems a 
success. 

A number of permanent magnets were arranged upon a cylinder 
(see illustration) 
which was revolved in front of electro-magnets. 


On filling my ears with water and applying the wires (protected 
of course) as in the diagram a soft musical note was heard. The 


sound stopped the moment the electrical circuit was broken. The 


wires employed were very short, so that the noise of the rotating 
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— (conducted mechanically along the wire) almost drowned 
t 


e musical note. The latter thus appeared likean overtone. 


2156 Two ladies who were present submitted to the experiment 
and heard the note as clearly as I did. A gentleman, how- 
ever (who could not distinguish overtones in music), heard nothing 
more than the noise. 
I want your co-operation. Can we arrange for a meeting on Sat- 
urday morning at your rooms? I am anxious to see the results of 
your experiments. 


Yours, sincerely, A. GRAHAM BELL. 
Dr. C. J. Blake, Hotel Berkeley. 


— — 
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Arrangement of Classes for the Spring Session of 1875. 


School of Vocal Physiology, No. 18 Beacon st., Boston, conducted by 
A. Graham Bell, professor of vocal physiology in the Boston 
University—Reception hour, from 12 to 1 o’clock (Saturdays ex- 
cepted.) 
Boston, Mass., Friday, Feb’y 12, 1875. 

Dear Papa: Iam delayed here on account of a defect in the 
transmitting apparatus manufactured for — 

They work very well, but stop every now and then. 

The cause has been discovered and is to be remedied at once. I 
hope to get off Monday morning. Another reason for delay is that 
I have just invented an attachment to the apparatus that more than 
doubles the value of the idea. I want to have Saturday and Sunday 
to complete the attachment. The arrangement consists of a device 
by means of which a vibrating armature can be made to work 
Meyer's autographic apparatus,” so as to admit of the simultane- 
ous transmission of written messages or of pictures. Indeed the 
new attachment will render it possible to reproduce a long message 


almost instantaneously by a single turn of a cylinder. 
Y’r affect. son, A. GRAHAM BELL. 


2157 SaLEM TO Boston, March 5th, 1875. 


Deak Papa AND Mama: Please let me hear from you soon. Let 
me hear all the news. I have been working day and night in 
Washington, so that I have been unable to see the sights as yet. 
Everything looks most promising. One of the first things I did on 
reaching Washin n was to set up my apparatus so as to make 
four stations, A, B, C, D. My wish was to illustrate that a message 


A B C D 


— — — 


could be sent from B to Cat the same time that a message passed 


from A to D. 
I had four cells of a battery, but no acids. In order to have plenty 


of battery power, that the thing might work well enough, I wished 
six cells and a mixture of bichromate of potash with some acid (I 
forget what). 

There was only one electrician in town, and I went to him for 
everything, unfortunately giving my name. 

He sent me down two cells of Lockwood’s battery, and I was sur- 
prised that the young man who brought them came right into the 
parlor and stared about to sce what kind of instruments I had got. 

Still further was I surprised to find that the two cells he brought 
would not work. : 

The young man came back with the bichromate solution for the 
other cells, but I had my suspicions aroused, and did not use the 
solution. 

To add to my distress Mr. Hubbard informed me that Mr. Orton 
(the president of the Western Union Telegraph Company) would be 
rou an hour to see my instruments. 
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“The Western Union” is probably the largest corporate body 
that has ever existed. 

It controls more miles of telegraph wire than there are in the 
whole of Europe. It was therefore importent to have my instru- 
ments in good shaps. I did my best by getting nitric acid and sul- 

huric acid to get the cells I had in working order. I sawed a 
arge carbon in two, borrowed a couple of slop-basins, and had the 
whole in working order in just half a minute before Mr. Orton made 


his appearance. The instruments, by good luck, never worked 


better. Mr. Orton was very much interested, and said he would 
like to see me again, but had to go to New York that night. 
Two days afterwards I was in the capitol seeing the Senate, 
2158 when a gentleman came up and tapped me on the shoulder. 
It was Mr. Orton. He told me that the Western Union 
would be glad to give me every facility in perfecting.my instru- 
ments, and he gave me a hearty invitation to take my apparatus to 
New York, and I should have the assistance of their electri- 
cians. 

They have a special experimental room, and have at instant com- 
mand thousands of cells of battery and thousands of miles of real 
line-wire to test with, 

Mr. Orton said further that he wished me distinctly to under- 
stand that the Western Union had no interest in Mr. Gray or his 
invention. 

This is very encouraging. Mr. Orton had previously seen Gray’s 
— and yet he came forward to take up mine. 

n regard to the patents my lawyers, Pollok and Bailey, found, 
on examination at the Patent Office, that I had developed the idea 
so much further than Gray had done that they have applied for 
three distinct patents, in only one of which I come into collision 
with Gray. The first patent covers the principle of “ multiple teleg- 
raphy,” basing my claim upon the instruments exhibited. (These 
instruments require two lines—an up-line and a down-line.) 

The second patent covers the principle of using an induced cur- 
rent, so as to permit a single wire to be employed. 

The third patent is for a “vibratory circuit-breaker,” for the pur- 

of converting the vibratory motion of my receiving instrument 
into a permanent make or break of a local circuit. 

By this arrangement I can make a receiver work any instrument 
whatever that can be moved by electro-magnetism, and it is devel- 
oped into a very curious form of “autograph telegraph,” by means 
of which an autograph message or picture may be almost instantly 
— The copy is made in ordinary ink and on ordinary paper. 

My lawyers were at first doubtful whether the examiners would 
declare an interference between me and Gray, as Gray’s apparatus 
had been there for so long a time. 

They feared I had but a poor chance, and my spirits at once fell 
to zero. They said it would be difficult to convince them that I had 
not copied. When, however, they saw the “autograph telegraph” 
developed from the idea, that of multiple telegraphy, they at once 
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said that was a good proof of independent invention, as Gray 
2159 had no such idea. It further turned out that an examiner in 

the Patent Office (not, however, of electrical inventions) is a 
deaf mute, and knows me personally and by reputation, and could 
surely vouch for the fact of my being incapable of copying Gray. 

Another fortunate circumstance was this: That the very exam- 
iner into whose hands this will come happened to be in Mr. Pollok’s 
office one day when I called, so that I had a long interview with 
him, in which I explained everything to him, and I can’t help 
thinking that he must have been convinced of my independent con- 
ception of the whole tbing. : 

After making out our specifications and examining into the whole 
thing Mr. Pollok said, “ You have a good case.” The last words he 
1 ae I left were, You need not fear; we shall pull you through 
all right.” 

Whenever Gray’s lawyer heard that I was in town he applied to 
the Patent Office to complete Gray’s patent, and thus force me to a 
lawsuit. 

The examiners, however, could not act in the matter for ten days 
so that gave me time to get my application in in time. I am now 
waiting for the decision of the examining board. They will prob- 
ably declare an interference. Then I shall have to have witnesses 
examined and prove priority. a 

The invention could not have come out at any better time than 
the present. I shall explain how: 

There are two rival telegraph companies in America—The West- 
ern Union and the “ Pacific Line.” 

The Western Union have hitherto enjoyed a monopoly. But 
last year a man invented a method of sending four messages simul- 
taneously along the same wire, and the Pacific Telegraph Company 
bought his patent for seven hundred and fifty thousand dollars 
($750,000). 

The result has been that the Pacific Company has been able to 
reduce their prices so as to compete successfully with the Western 
Union. 

Now my invention comes out as a means by which thirty or forty 
messages may be sent simultaneously, and by which intermediate 
stations may communicate with one another. If the Western 
Union take it up it will enable them to recover lost ground. At 
all events, it is evidently a good time to bring out the invention. I 

visited the Western Union Telegraph headquarters in New 
2160 York on my way here. I have made arrangements to spend 

Saturday and Sunday every week in New York at the West. 
Un. building. 

I am to Tene the assistance of Mr. Prescott (the author of the 
book you have on telegraphy); so now I feel that all is plain sailing 
if I can prove priority. 

Here is Boston. 

Much love, ALECK. 
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Memorandum of agreement made and concluded this 27th day of 
February, A. D. 1875, by and between A. Graham Bell, of Salem, 
Massachusetts, Thomas Sanders, of Haverhill, Massachusetts, and 
Gardiner G. Hubbard, of Cambridge, Massachusetts. 


Whereas the said Bell has invented certain new and useful 
methods of and apparatus for telegraphing, for which he has applied 
for letters patent of the U.S., and is about to apply for other pat- 
ents in the U. S., and has assigned all his right, title, and interest 
in and to said inventions or improvements to the said Bell, Sanders, 
and Hubbard, parties to this agreement, and has agreed to assign to 
said parties all his right, title, and interest in and to any further 
improvements he may make in perfecting said inventions or im- 
provements : 

Now, therefore, the said Sanders and Hubbard do hereby sever- 
ally agree that they will each contribute one-half part of all ex- 
penses incurred in taking out the patents for said inventions or 
improvements, and of any interference or interferences that may be 
had, as well as the necessary expenses that may be incurred in per- 


fecting said inventions. © 
And it is further agreed between the parties hereto that if said in- 
ventions should prove to be of value that the said parties shall 


transfer all their rights to a company to be organized for the purpose 
of more easily inanaging and controlling said patents. 

The stock that shall be issued for said patents to belong to said 
several parties according to their respective interest therein—namely, 
one-third each. 

This agreement shall be binding upon our heirs and legal repre- 
sentatives. 
(Signed) A. GRAHAM BELL. 
THOMAS SANDERS. 
GARDINER G. HUBBARD. 


(Dia., pp. 2161, 2162, 2163, 2164.) 
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(Complainants’ Record, page 1695.) 


Alexander Graham Bell’s Statement of Inventions. Filed 
with the Honorable Commissioner of Patents in Con- 
formity with Rule 53. 


I cannot with any great accuracy fix the date of 
the conception of the system of multiple telegraphy 
for which I have applied for letters patent of the 
United States. I merely know that the idea had 
been conceived previously to my departure from 
England in 1870, and that it could not have oc- 
curred to me at an earlier date than 1867, in which 
year I commenced the study of telegraphy with a 
friend in the city of Bath. ä 

From August, 1870, until October, 1872, I resided 
in Canada, but during 1871-’72 I visited various 
towns in the United States for short periods of 
time. 7 

I came to the United States, to become a perma- 
nent resident thereof, on the Ist of October, 1872. 
By advice of counsel I do not particularize the va- 
rious stages of the invention that were developed 
abroad. 

During the winter of 1872-73, at my place of 
residence, No. 35 West Newton street, Boston, Mass., 
I resumed experiments upon the simultaneous trans- 
mission of a number of oy ＋ signals along a 
single wire. The theory which I was then striving to | Train of reasoning 
reduce to practice will be best understood by stating ception of multiple 
the train of reasoning that had originally led me to tlie h. 
conception of the multiple telegraph. If we press 
down the pedal of a piano, and sing into the instru- 
ment, the sound waves cause that string to resound, 
which corresponds in pitch to the note sung. Now 
conceive that under each string is placed an electro- 
magnet, and that all the magnets are united in one 
circuit. If we transmit a series of electrical impulses 
along the circuit (corresponding in number and reg- 
ularity to the vibrations of a sound) a similar series 
of attractive impulses will appear at the magnets 
and the piano string whose rate of vibration corre- 
sponds will resound. In the one instance all the 
strings receive a definite number of pushes per 
second from the air; in the other,a definite number 

of pulls per second from the magnets. As 
2166 the effect of pulling a string on one side is 
—— to pushing it from the other, it is 
evident that whenever phenomena result from the 
action of uerial pulses upon the strings must also 
) : 1 ae 
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ensue from attractive impulses from the magnets. 
However many notes are sung simultaneously into 
the piano, each system of sound waves affects its 
corrresponding string as readily as though the other 
— had no existence; hence, however many 

ifferent series of attractive impulses are made to 
appear simultaneously at the magnets, each one 
must affect its corresponding string as though it 
came alone. The study of sympathetic vibrations 
thus led me to the — that a large number 
of telegraphic messages could be sent simultaneously 
along the same circuit without confusion if the sig- 

nals for each message had a certain definite pite 
different from those employed for the others, the 
duration of the note representing the dot or dash of 

the Morse alphabet. 

bet ta due gg The experiments undertaken in Boston during the 
theory to practice. winter of 18723 related more particularly to the 
mechanical means of transmitting vibrations. I 
ä was acquainted with Helmholtz’s apparatus for the 
otecret Apparatus con: Artificial production of vowel sounds; and all my 


1 and 2 illustrate the first form of apparatus con- 
structed in West Newton street. 

mercury'connections. The following letters descriptive of these experi- 
ments have been received from a witness: 


West MEprForp, Nov. 9, 1874. 
Mr. A. Graham Bell. 


of experiments made My Dear Sir: At your request I write what I 
te ener, of en can remember witnessing as regards your experi- 
ments in telegraphy. Between January, 1873, and 
May, 1873, your rooms were at No. 35 West Newton 
street and mine at No. 36 West Newton street, in 
Boston. During that time we were in telegraphic 
communication with each other, and ther a 
great deal of the time evenings. I remember how 
you were experimenting on a new system of trans- 
mitting messages both ways on one wire at the same 
time, and how enthusiastic you were over your 
discovery. You used tuning-forks; and a connec- 
nection or circuit was made and broken by means 
of the vibrations of the fork (according to 

2167 its pitch) in a cup containing quicksilver 
(the cup you used then was a little wooden 
pill-box); and as the fork vibrated in and out 
of the quicksilver the circuit was made and 
broken accordingly. The experiments were made, 
I should think, previous to May, 1873, but am 
not quite sure, or of how long a time we had 
the wire connecting our rooms. I am sure, how- 


Staten, winter of 1872-3. earlier experiments were modelled upon his. Figs. . 


 _—— we 
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ever, that we were transmitting messages to and 
fro then, for I have now in my possession a little 
memorandum of yours giving a copy of m 

between us, dated May 18, 1873. I think that your 
experiments with the forks were at or before that 
time. I cannot go more into detail (although I was 
with you so much, even when both of us should 
have been in bed), for telegraphy and electricity was 
a new study to me, and I was very much interested 
over my own experiments, but I do remember dis- 
tinctly the interest you took and the time you gave 


over your experiments. 
Yours truly, P. D. RICHARDS. 


In February, 1876, I wrote to Mr. Richards from 
Washington, requesting him to draw from memory 


the apparatus used by me in the winter of 1872-73. 
In a letter received from him dated Feb. 28, 1876, ' 


he says: 


“T can testify that your experiments, as illustrated 
below,“ were made before July 8, 1873, as I have 
now before me a book on the fly-leaf of which is 
written, as I took it down from the instrument, Re- 
ceive my last taps’ adieu. A. G. B. July 8, 1875. 
Underneath which is written, Bell left yesterday 
for Canada. July 11.’ I think, and am almost 
certain, that your —— with the tuning-forks 
were in winter or early spring. I have in my pos- 
session a telegraphic memento of a message between 


us dated in May. 
“P. D. RICHARDS.” 


On account of the small size of the tuning-forks 
and the imperfect means at my command the vibra- 
tions obtained were not as satisfactory as had been 
hoped. The oxidization of the mercury, too, was a 

source of t annoyance and was onl 
2168 tially obviated by covering it with alcohol. 

The instruments were taken to pieces and put 
together again without any better result, until J 
copied more closely the form of Helmholtz’ instru- 
ment by constructing the apparatus shown in Fig. 
3. One of these instruments is still in my possession 
in its original form. 

The work was carried on under great disadvan- 
— — My profession occupied me from morning 
till evening, so that all experiments had to be con- 
ducted at night, after most people had retired to 
rest. I felt obliged, also; to construct the instru- 


—— 
— 
tions (Jan. or VUet., 
1873). 


* See Fig. 1. 
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ments with my own hands, even to the winding of 
the electro-magnets, as I was afraid to employ an 
electrician or mechanician until the invention could 
be secured to me by letters patent. | 
The instruments shown in Fig. 3 were constructed 
either in January or October, 1873, but at which 
period I am unable to state positively. The iron 
cores for the electro-magnets, with the adjustatle 
le pieces, were made for me by a blacksmith in 
rantford, Ontario, during one of two visits that 
id to my family in Canada. The first extended 
rom Christmas day, 1872, to New Year’s day, 1873— 
only one week. 

mmer of ies The second was occasioned by an illness which 

\pparatus obliged me to relinquish all work for some months. 
Scrivea,* "* I remained at my father’s house in Canada from 
July, 1873, until the Ist of October, of the same 
year. 

My impression is that the cores were made during 
the Christmas week in 1872, as I distinctly remem- 
ber that the blacksmith had only a day or two in 
which to do the work. The blacksmith himself 
thinks, however, that the work was done in the 
summer of 1873. | 

O i to Boston In October, 1873, I resumed the ractice of my 
profession in Boston, residing at No. 292 Essex 

— 1 re- Street, Salem, where the experiments with tuning- 

Samed in Salem, Mass. forks (arranged in Fig. 3) were resumed. 

In the same month (October, 1873) the attempt 
was made to substitute a free reed for the transmit- 
— shown in Fig. 3. 

he free reed (R), Fig. 4, formed the base of a hol- 
low cone of gutta-percha (g g), and it was set in vibra- 
tion by blowing through the orifice O; a platinum wire 

P, attached to the reed R, dipped into mercury M. 

The original instrument is still in my possession. 

Somewhere about November, 1873, an arti- 

2169 cle entitled “The Acoustic Telegraph,” pub- 
lised in “The Wonders of Electricity,” led me 

mersury Plates att to substitute steel plates for tuning-forks in my tele- 

(Nov., 1873). graphic experiments. Two transmitting instruments 
and two receiving instruments (specimens of which 

„— still in my possession in their original form) were 
signals simultaneously made like these shown in Fig. 5. These were ar- 

se eae ranged on circuit, as shown in Fig. 6. 

On pressing Kl, Rl was set in strong vibration, 
while R was unaffected save by a slight tremor, per- 
ceptible only to the sense of touch. 

On pressing K? neither of the receiving instru- 
ments Rl R? responded save by the trembling alluded 
to above. 


Free reeds, with mer- 
— connections (Uct., 


— . . ae 
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On pressing K' and K“ simultaneously RI was 
thrown into strong vibration, but R*? was not affected. 
Having no means of tuning the plate I was unable 

| to make R? respond to the vibrations of I. : 

Fig. 7 shows another form of instrument con- See! plates, with 

: structed during November, 1873. Nov. or Dee., 1873). 

The instrument shown in Fig. 8 was also made 
about the same time, consisting of an ordinary bas- „ Conne dtabs Nov. 

@ seon reed. A wire, W, was brought to the point P * Yee» #7. 
of the tongue t and fastened, so that the vibrations of 
t caused P to strike against the metel surface M, thus 
causing an intermittent current to pass through the 
electro-magnet f. 

It became evident to me that with my own rude , Relinguehmert wt 
workmanship, and with the limited time and means 24 jr — 
at my disposal, I could not hope to construct any (Nov. or Dee., 1973). 
better models. I therefore, from this time (Novem- 
ber, 1873) devoted less time to practical experiment 
than to the theoretical development of the details of 
the invention. 

The arrangement on circuit, at which I had then „ Nb. or pee tern. 
arrived, is shown in Fig. 9. There was one defect ,, Defect communice 
in the plan, for which I sought a remedy. Commu- tic. 

8 nications could be sent in only one direction. 

While station A was sending to N any interme- 
diate station could also send a message to N, or to 
any place between itself and N; but it could not 
communicate with A, or with any place in the direc- 
tion of A, except by using another line. . 

I saw that one wire would suffice for communica- pein directions if free 
tions simultaneously in both directions if free earth cs*th communication 
— could be secured at each end of the could eee. 

ine. 
2170 My first attempt to solve the problem was 

by the application of artificial resistance, as 
shown in Fig. 10. When the line was put to earth 
<> at the two extremities of the circuit A and N any 
intermediate station (C) could cause half the inter- 
mittent current from its battery to pass to the earth 
at A, and the other half to the earth at N, by put- 
ting sufficient resistance on the shorter cir-uit. 

Study of the arrangement, however, convinced me — I 
that the problem could not be sol ved by any arrange 
ment of artificial resistances, and I was for a time at 
a loss how to overcome the difficulty. Early in De- 
cember, 1873, it flashed across me that the intermit- 
tent current might be induced upon the line wire, dels. . upon 
in which case there would be no difficulty in having 
— free earth communication —.— — the —— : ie 

ü The arrangement as conceived is shown in Fig. 11. rie 
I saw also that the duplex principle could be ‘ap lied, 20. ee 


* oe 
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as in Fig. 12, so as to double the number of messages 
possible upon the acoustical plan. I felt that the 
time had come for seeking assistance in carrying 
cout the plan. 

I understood that a patent in this country could 
not be obtained without models, and knew that I 
could not prepare proper models without intrusting 
the idea to some mechanician, who might take ad- 
vantage of his practical knowledge to checkmate me 
in the Patent Office. I understood that a caveat 
could not be procured by a British subject. Not 
knowing how to protect my interests in this country, 
„cken which Gov. I resolved to make an offer of the invention to the 
ernment (Jan., 1x74). British Government, and on the 10th of January, 
1874, I wrote the following letter to the Hon. Mr. 
Scudamore, superintendent of telegraphs in Eng- 
land, requesting an investigation frum the proper 

authorities there: 


Letter to the super- 292 Essex STREET, SALEM, Mass., 
in Bgiand requening Jan. 10, 1874. 
Jan. 00, 1574). Sin: I have invented a method by which a large 


number of telegraphic messages can be sent along 
the same wire, at the same time, without confusing 
with one another. 


A B C D 


2171 Any station, B, may communicate freely with 

any other station, C, while messages are pass- 
ing from A to D, from D to A, from A to C, ete. 
The possible number of simultaneous m that 
can be transmitted on this principle may be doubled 
by the use of the duplex system. 

As I am a British subject I wish to place this idea 
at the disposal of the British Government, and there- 
fore, before making any efforts to interest American 
telegraphers in the scheme, I write to request an in- 
vestigation. 

Yours respectfully, 
A. GRAHAM BELL, 
Professor of Vocal Physiology in the 
University of Boston, Mass. 


Hon. Scudamore, superintendent of telegraphs, 
London, Eng. 


An answer was received from the post office de- 


— 


— “ . c * 
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partment in London, which effectually prevented 
any further correspondence. 
t was as follows: 


GENERAL Post Orrick, 22d January, 1874. — gem the gest 
Office department 


No. 11566. (Jen. 22,1870) 


Sir: With reference to your letter of the 10th inst. 
I beg leave to inform you that if vou will submit 
your invention it will be considered, on the under- 
standing, however, that the department is not bound 
to secrecy in the matter, nor to indemnify you for — 
any loss or expense you may incur in the further- 
ance of your object, and that, in the event of your 
method of telegraphy appearing to be both original 
and useful, all question of remuneration shall rest 
entirely with the postmaster general. 


I am, sir, your obedient servant, 
JOHN TILLY. 


A. Graham Bell, Esq., 292 Essex street, Salem. 
No. 164. 


My own circumstances prevented me from taking, Continuation of the- 
any pecuniary risks in — to bring out the of ashome gus aebt- 
system here. I therefore contented myself with ages tegen 
working quietly at the theoretical details of the in- went“ 
vention, trusting to the future for assistance. 

I cameto the conclusion that asingle battery would Single main bettery 

work a large number of transmitting instru- thom (Jan. or Feb, 1874). 
2172 ments, as the steel plates, in vibrating, made 
and broke contact at different rates of speed, 
and for the same reason that each transmitter would 
act with the full power of the battery, even if all 
should be worked simultaneously. 

. I also speedily decided that a single induction coil Single induction coil 
would answer for all the transmitters at each station, tion (Jan. or Feb., 1874). 
as shown in Fig. 13. The application of the duplex 

1 by doubling the induction coil is shown in 
ig. 14. 
uring the summer of 1874 doubts occurred us to Doubts of the opera- 
the operation of the induced current. When the ent- Unten direct ana 


primary circuit of an induction coil is closed a mo- Su Alden Cu. 


ceiving instruments in vibration, unless the negative 

impulses came exactly midway between the positive polarized armatures 
impulses, and unless armatures of the receiving in- n ef 1874) 
struments were rendered permantly magnetic so as 


Currents induced by 
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to be alternarely attracted and repelled by the elec- 
tro-magnets. 
The thought occurred of inducing the impulses 


vibration of pormances by means of a permanent magnet instead of a 
1874). 


battery. 

When a permanent magnet is caused to approach 
the pole of an electro- magnet a current of electricity 
is induced in the coils of the latter, and when it is 
made to recede a current of opposite polarity to the 
first is induced in the electro-magnet. The vibra- 
tion, then, of a permanent magnet in front of the 

le of an electro-magnet would produce an oscillat- 
ing current in the coils of the latter, and the re- 
versed impulses be at equal distances apart. The 
form which this idea took at this time (summer of 
1874) is shown in Fig. 15. A B, A’ B’ are steel reeds 
attached to permanent magnets M M', vibrating 
by wind in front of the poles of electro-magnets E E’. 
A and B were to be of different pitch, and A’ B/ to, 
be their counterparts respectively. When A should 
be made to produce its musical note A’ (its unison) 
would be thrown into vibration, for when A moved 
downwards the current induced upon the circuit 
would cause the poles of the electro-magnet E’ to be 
of o — polarity to A’ and B’, and therefore A’ 
— be attracted downwards; but when A should 
move upwards the polarity of E would be the same 

as A’, and therefore A would be repelied. As 
2173 the normal rate of vibration of A’ coincides 
with that of A the former would respond to 
the latter’s vibration, and vice versa, but neither B 
nor B’ be affected. -Reflection led me to believe that 


Motion of current this idea was very valuable, as the currents induced 


analogous to motion of 


air during of in the coils of the electro-magnets E E' would cor- 


sound (summer of 1874). 


Simultaneous trans- 
ian ion usical 


m m 
tones differing in loud. 
nens as well as pitch. 


respond exactly to the effects produced in the air 
by the passage of a musical note. The polarity of 
each induced impulse would depend upon the direc- 
tion of the motion of the permanent magnet A toor 
from the pole of the electro-magnet under it, and 
hence would correspond to a condensation or rare- 
faction of air. The succession of induced impulses 
would be at the same rate per second as the vibra- 
tions of A; hence would correspond to the pitch of 
the note produced; and the intensity of each im- 
pulse would depend upon the extent or amplitude of 
the vibrations of A, and would correspond to the 
loudness of the resulting note. 

The idea gradually developed that notes differing 
in loudness as well as pitch could be simultaneously 
transmitted, and, as a corollary, the feasibility of the 


transmission of the timbre or quality of a sound sug- 


eee 


lg 


gested itself; fur, according to Helmholtz’ theory, the d ar kimba the 
quality of a sound depends upon the simultaneous sounds feasible by 
production of a number of musical notes differing mental toae and over- 
from each other in pitch and loudness. In each With their proper rele. 


Upon uttering a sound in the neighborhood of H 
it was presumed that certain rods would be set sym- 
pathetically in vibration by the voice. The rod cor- 
responding to the fundamental tone would vibrate 
forcibly, and those corresponding to the overtones of 
the sound would respond faintly. Each rod, partak- 
ing of the polarity of the pole N or S to which it was 
attached would induce in the coils of the electro- 
magnet E aseries of electrical oscillations correspond- 
ing in rate per second to the number of its vibra- 

tions, and in intensity to the amplitude of its 
2174 motion. The electrical impulses traversing 

the coils of the electro-magnet E’ would cause 
vibrations in the corresponding rods H’ H’. The 
unison of the fundamental tone would respond 
loudly, and the rods corresponding in pitch to the 
overtones would vibrate feebly. Although the abso- 
lute loudness of all the sounds produced by the rods 
H’ H’ would be very faint, still the relative loudness 
of the notes would be preserved, and hence, theoret- 
ically, a repetition of the sound uttered in the neigh- 
borhood of H H should proceed from H’ H’. 

Fearing that ridicule would be attached to the 
idea of transmitting vocal sounds telephonically, 
especially by those who were unacquainted with 
Helmholtz’ experiments, I said little or nothing of 
this plan. Indeed, reflection convinced me that, 
however feasible the scheme looked upon paper, it 
was impracticable, as the induced currents would be 
far too feeble to overcome any great resistance. For 
the same reason the plan shown in Fig. 15 seemed 
impracticable save in theory, and I began to look 
about for some other method of inducing alternate, 
positive, and negative impulses, which should succeed 
each other at equal intervals of time, and at last I 

65—1047 
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Amer ef hit upon the plan of making and breaking contact 
dy means of a revolving cylinder, as shown in Fig. 17. 
In the autumn of 1874 Mr. Thomas Sanders, of 

fe tte nen Haverhill, Mass., offered to ussist me in obtaining 
deren Ar. Patents. It was decided to file a caveat, and for this 
Adams. purpose we employed Mr. Joseph H. Adams, of Bos- 
ton, as our solicitor. A few days after placing the 

matter in Mr. Adams’ hands Mr. Gardiner G. Hub- 

bard, of Cambridge, Mass., not knowing of my nego- 

n ue Hübbard or tiations with Mr. Sanders, offered to enter into a simi- 
Cambridge (Sept. or lar arrangement with me. The result was that 
Messrs. Hubbard and Messrs. Sanders and Hubbard both became inter- 

— eeome inter: ested in my telegraphic inventions. 

It was just at this time (September or October, 

Fire heard of Mr. 1874) that I first heard of Mr. Elisha Gray. I re- 
(Sept. or Oct, 1874). Ceived a note from my friend, Dr. Clarence J. Blake, 
in which he alluded to a letter received from Mr. 

Elisha Gray descriptive of experiments made with 

Prof. Tyndall relative to the telegraphic transmission 

of vocal sounds. Dr. Blake stated his desire to show 

me the letter, and expressed his wish to have me 

meet Mr. Gray. I called upon Dr. Blake next day, 

and told him that, as I was at that time 

2175 applying for a caveat for an invention which 

would ultimately lead to the telephonic trans- 

mission of vocal sounds, I thought it might be well 

for me to be ignorant of Mr. Gray’s researches until 

I had secured my patents. For this reason I did not 

see the letter, and I am still ignorant of its contents. 

ang throng’ f. A. A day or two after seeing Dr. Blake I again heard 
ams. of Mr. Gray through my solicitor, Mr. Adams. He 
informed me that Mr. Gray was applying for patents 

— a method of transmitting sound telegraphic- 
tween Me Anion be ally, and that he had had a conversation with Mr. 
„ Gray's solicitor, Mr. Hayes, relative to our several 
inventions. I do not know what passed at this con- 

versation, but though I have no reason to suppose 

that the confidence between counsel and client was 

violated, I believe that Mr. Adams had unintention- 

ally, by the mention of my invention, given Mr. 

— a hint which at once set Mr. Gray upon my 

rack. 

; No mention in Mr. So far I have found out from Mr. Gray’s patents, 
ides of simultaneous his invention at that time (end of September or be- 
— pre ious to this ginning of October, 1874) consisted of nothing more 
one ee than a method of transmitting sound through living 
tissue, no claim being laid to the practical applica- 

tion of telephony to the simultaneous transmission 

. of messages along a single wire. 

Mr. Hubbard in Weak. After considerable delay a caveat was completed 


and forwarded to Mr. Hubbard in Washington, to 


| 


be deposited in the Patent Office. The next day an 
article * in The Commonwealth,” descrip- Article in “ The Com- 
tive of Mr. Gray’s method of transmitting sound tive of Mr. Grays in 
telegraphically. At the conclusion of the article al- ] œ 

lusion was made to the simultaneous transmission Claims simultaneous 
of messages by means of musical notes, as an inven- Se 
tion recently made by Mr. Gray ; and apparatus was 

described almost identical with that mentioned in 

my caveat. I have reason to suppose that this 

article was written by Mr. Hayes. 

At Mr. Hubbard’s suggestion I decided not to file 
my caveat, but to have apparatus constructed as 
speedily as possible, so as to make application for a 
patent instead. Two transmitting instruments and rα,ẽ)ué of ex- 
receivers like these shown in Fig. 18 were at once 
made, and were arranged upon circuit as in Fig. 19. 

The very first time they were tried they worked satis- 
factorily. When K' was depressed Ri alone was af- 
fected ; when K* was depressed R* alone was 
2176 affected. When KI and K* were depressed 
simultaneously R' and R both responded. 
The attempt to used the induced current with these Tvo signals sent t 
instruments was unsuccessful. Not knowing fully sinale wire satisfactory 
the cause of the failure, it was decided to prepare “> 
the instruments that were successful for the purpose 
of securing the patent, and to leave the utilization 
4 the induced current to be investigated at a later 
date. 

It is needless to detail the whole of my experi- 
ments. I shall seek only to point out the various 
stages of development. 

The pitch of each transmitting instrument need Uu unt af 
changed the moment its key was depressed. The circuit sad, with 
pitch varied with the length of the circuit. It was «Pu current 
rendered independent of the resistance of the line by 
connections shown in Figs. 20, 21, and 22. The 
pitch was also affected by the strength of the bat- 


tery. 

‘The rk in the transmitting instrument at the 
point where the circuit was broken was lessened by 
the use of a condenser. 

The armature of the receiving instrument an- 
swered loudly to any pitch when it was placed in 
close contact with the face of its electro-magnet, but 
responded only to its proper pitch when it was 
placed about a quarter of an inch distant. 

A rubber band (d) attached to the armature served ,Domper stashed 
as a damper (Figs. 20, 21, and 22) so as to stop _— 


tron nail, &c., intro- 
duced into helix: emit- 
ted a loud musical 
note. 


Responded equally 
well to all pitches 
(Nov., 1874). 


Rar s arrang- 
ed on cylinder (Nov., 
1874). 


“Vox Humana reeds 
(winter of 1874-75). 


Eelect ro-magnet 
transmitter. 


Double contact t 
tery (Jan., 1875). 0 


Various —7 of ar- 
matures. Stee 
best (Jan., 1875). — 
Platinum rivets (Jan., 
1875). 
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this time is shown at R, Fig. 23. A wrought-iron 
nail (n) was placed between two cylindrical pieces of 
iron (i) inside a helix of wire. A note of similar 
pitch to that produced ‘by the transmitting instru- 
ment proceeded from R. The instrument was not, 
however, sensitive to one pitch alone, but reproduced 
very loudly the unison of whatever transmitter was 
employed. These experiments were made in No- 
vember, 1874. 

An attempt was also made by means of bar 
magnets arranged around a cylinder as in Fig. 24 
to induce current that would work the receiving in- 
struments. The results were unsatisfactory. 

During the winter of 1874 75 it was attempted to 
use organ reeds (from the vox humana stop) as trans- 
mitting instruments. The mode of connection is 
shown in Fig. 25. The tongue (i) was insulated 


from the bed of the B by means of paper. 


2177 The tongue (i) vibrated against a platinum 

plate, P, making and breaking the circuit. The 
reeds soon got out of order, and were very liable to 
change in pitch, so that electro-magnetic transmit- 
ters were preferred. 

In January, 1875, the thought occurred of render- 
ing the pitch of the transmitting instrument inde- 
pendent of the strength of the battery, as well as of 
the resistance of the line, by causing the vibrating 
armature to strike alternately against two fixed 
points. One made contact for = tel battery, the 
currents of which traversed the electro-magnet, and 
served to keep the armature in vibration The other 
communicated with the main battery and the line 
wire, but not with the electro-magnet. The arrange- 
ment (see Fig. 26) proved so successful that I felt that 
the instrument was near completion. I constructed 
armatures of various materials, but finally decided to 
use those made of clock-spring. 

Platinum connectiuns could not be soldered on 
without spoiling the temper of the spring. Finally 
a small rivet of platinum was inserted in the sprin 
where it came into contact with the fixed points. 
sliding clamp was fastened to the armature of the 
receiving instrument for tuning it. The rubber 
damper was omitted, as the spring was allowed to 
strike the face of the magnet. 

It was next perceived that the armature of the re- 
ceiving instrument would operate an ordinary Morse 
sounder, or any electro-magnetic machine, if it struck 
a body of slower vibration than itself, when the 
vibratory motion of the armature would be converted 
into permanent make or break of a local circuit. 
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The first form of vibratory circuit-breaker is shown „ lars form of ri 
in Fig. 27. A light lever of straw, S, was hung verti- (ian. or — 
cally in front of the receiver R. When the arma- 
ture vibrated the platinum plate P was brought into 
contact with the wires W WI, completing a local cir- 
cuit, in which was placed a Morse sounder. The 
instrument was still further improved, as in Fig. 28, 
in which form a patent was granted to me for it in second form of vi- 
February, 1875, No. 161,739. The oxidization of -P"Mircury cape 
the mercury in the cups C C, Fig. 28, was prevented (Fe>- 147. 
by covering it with glycerine. 

The autograph telegraph described in the specifi- graphic telegraph y 
cation of the same letters pa:ent was invented at the Feb. 1875). 
same time. See Fig. 29. 

During the early part of February friends in Salem 

tested the — 5 by — two — — 
2178 sages simultaneously over the same wire Simultaneous trans- 
an alphabet of numbers arranged for the — ene 

occasion. The words “multiple telegraph” were 
sent by one instrument and “autograph 2 1 
by another. Then the words “ Katie Silsbee,” “ Val- —— 
entine,” and Well done,” and at the same time the u xů 5 
words Multiple.“ Cat.“ Lizzie,” and “ Lovely,” 
only one wire being used in both experiments. 

On anotheroccasion fourstations, A B CD, were ar- 
ranged on the same circuit; and among other messages 
the words “ Bravo, bra vo, bravo were sent from A 
to D, while Good things” were sent from B to C. 
These experiments were entirely successful. 

During this month, February, 1875, I visited ,,Applications made 
Washington, and retained Messrs. Pollok and Bailey ington (Feb., 1975). 
as solicitors for my patents, and left my models of 
the transmitting instrument, receiving instrument, 
and vibratory circuit-breaker with them. I met 
there Mr. Orton, the president of the Western Union 
Telegraph Company, who was much interested in my 
instruments, and requested me to call upon him as I 
= through New York on my way home, which 

id. 


In conclusion, I would say that the invention, the 
subject-matter of the first interference between my 
application, dated Feb. 25, 1875, and the application 
of P. La Cour, filed March 3, 1875, and of Elisha 
Gray, filed Feb. 23, 1875, namely: 
“he method of transmitting two or more tele- Fut interference. 
graphic signals or messages simultaneously along a 
single wire, and of receiving the same without con- 
fusion by the employment in an electric circuit of 
two or more transmitters, each transmitting per 
second impulses differing in number from the others, 
in combination with receivers, each tuned toa pitch 


Second interference. 


Third interference. 


| (Here follow diagrams marked pp. 2180, 2181, 2182, 2183, and 2184.) 
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at which it will be put in vibration to produce its 
fundamental tone by one only of the transmitters ”— 
described by me in the first clause of my claim, and 
by Elisha Gray in his first, third, fifth, and seventh 
claims, was invented by me prior to August, 1870, 
and reduced to practice on or about the first day of 
November, 1872. (See the above statement, p. 2.) 
The inventions, the subject-matter of the second 
interference between my application and that of 
Elisha Gray, namely : 
“Ist. The combination of a main line, an. 
2179 intermittent circuit-breaker adapted to throw 
upon the line a definite number of electrical 
impulses in a given time, and a key for controlling 
the throwing of such impulses upon the line —de- 
scribed in my second claim and Elisha Gray’s second 


claim 


“2d. The combination in one electric circuit of a 
series of such intermittent circuit-breakers and a 
series of such keys, there being a key for each inter- 
mittent circuit-breaker ”"—were invented by me — 
to August, 1870, and reduced to practice on or about 
the first day of November, 1872. (See the above 
statement, pp. 2 and 5.) 

The invention, the subject-matter of the interfer- 
ence between my patent, No. 161,739, and the appli- 
cation of Elisha Gray, filed Feb. 23, 1875, and that 
of P. LaCour, filed March 3, 1875, namely : 

The combination with the portion of the receiver 
put into vibration by the musical impulses of a cir- 
cuit-controlling lever or bar, arranged and adapted 
to vibrate more slowly than the former ”—described 
in my second and Elisha Gray’s fourth claim, was 
invented by me in January, 1875, and reduced to 
practice on or about the eighth day of February, 
1875. (See the above statement, p. 16.) 

Boston University, April 27, 1876. 

A. GRAHAM BELL. 


STaTE OF MassacuuseEtts, County of Suffolk : 


May 8ra, 1876. 


Before me, a notary public, personally appeared Alexander Gra- 
ham Bell, who made solemn oath that the within statement by him 
subscribed is true to the best of his knowledge and belief. 


WILLIAM W. SWAN, 
Notary Public. 
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2185 Defendants’ Exhibit Bell’s Preliminary Statement in the Speaking 
Telephone Interferences. 


/ (Complainants' Record, page 1695.) 
In the Matter of the Interference between ALEXANDER GRAHAM 
BELL and 
Preliminary statement of Alexander Graham Bell. 
Iam a native of Great Britain, and left that country in 1870 for 
Canada. My chief subject of study from my boyhood upwards has 
been the mechanism and nature of speech. The fact that this study 


had been my father’s professional pursuit had directed my own 
studies in the same direction, and my father always intended that I 
should follow the same pursuit. Two or three years before I left 
England I became acquainted with Helmholtz’s experiments con- 
cerning the analysis and synthesis of vowel sounds. I was espe- 
cially interested in his experiments for reproducing vowel sounds 
by means of tuning-forks set in vibration by electrical currents. 
On thinking over these experiments the thought occurred to me that 
| if it were possible to reproduce vowel sounds by means of an elec- 
| trical current, surely some means could be found to reproduce elec- 
trically the other elements of articulate speech, and that it would be- 
— come one day feasible to speak by telegraph. I had at this time, 
too, a slight knowledge of electrical subjects to 27 fully the 
operation of the apparatus employed by Helmholtz, and I did not 
then form any idea of any means by which my conception of the 
ibility of producing articulate sounds other than those which 
elmholtz had produced could be accomplished. I did not even at 
that time propose to attempt the solution of the problem. I merely 
looked upon it as a problem that some one would surely solve. The 
explanation which was given me of Helmholtz’s experiment 
2186 so interested me that I devoted myself to the study of elec- 
tricity, my special object being to acquire a sufficient knowl- 
edge of the subject to enable me to understand Helmholtz’s experi- 
ments. I was thus led to the study of telegraphy as a branch of 
electrical science, and to the conception of a method of transmitting 
simultaneously along a single circuit a number of distinct telegraphic 
messages by means of musical sounds of long or short duration, giv- 
| ing signals to the ear similar to those that the Morse recording in- 
| struments give to the eye. The plan which I conceived was to use 
| transmitting instruments of different pitch, each similar to the 
| - transmitting tuning-fork employed in Helmholtz’s vowel experi- 
i ments, the receiving instrument to consist of an instrument like a 
| piano, with electro-magnets beneath the strings. I conceived that 
a current from a local battery connected with each tuning-fork 
could be sent over a main line and set in vibration the string cor- 
responding in pitch to that of the taning-fork brought into the main 
circuit. 
The interruption of this current by a key for longer or shorter in- 
tervals might be made to give sound signals from the receiver cor- 
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responding to the visible signals made by a Morse recorder. I did 
not construct this apparatus while in England, but I made some 
efforts to reproduce the experiments of Helmholtz. 

After arriving in Canada I pursued my electrical and acoustical 
studies, and made such: experiments relating to multiple telegraphy 
as I had the means of making at my father’s residence. I had good 
facilities for study, but very insufficient means for experiments. In 
October, 1872, I removed to Boston with the intention of making 
the United States my permanent residence. My professional occu- 


pation at this time was giving instruction in articulation to deaf; 


mutes, and lecturing upon the mechanism aud nature of speech to 
teachers of the deaf and dumb who came to me from different parts 
of the world. My spare time I devoted to electrical studies and ex- 
periments with a view to perfecting multiple telegraphy. 

In developing my plan of multiple telegraphy certain difficulties 
made their appearance, and I devoted myself during a summer 
vacation spent in Canada in 1874 to devising means to overcome 
these difficulties, and also to devising new methods of studying sound 

optically, as aids in teaching articulation to the deaf. The 
2187 means I proposed to — — for trasmitting musical signals 

simultaneously in both directions along the same circuit was 
to induce an intermittent current upon the line wire by opening and 
closing with extreme rapidity the primary circuit of an induction 
coil, the secondary wires of which were in circuit with the line. 
Upon reasoning out the effects produced, I saw that a current in one 
direction would be induced in the secondary circuit when the 
primary circuit was closed, and a current in the other direction 
when it was opened, and I feared that the alternate positive and 
negative impulses would be insufficient to set my receiving instru- 
ment into musical vibration unless these impulses, which acted upon 
the plate or spring, were at equal intervals apart, and the plate or 
spring which constituted the armature of the receiving electro-magnet 
was itself permanently magnetic, so as to be attracted and repelled 
as the pole ot the electro-magnetic was changed by the reversal of 
the current. 

To make this plate permanently magnetic I proposed to attach it 
to one pole of a — magnet. It then oceurred to me that if 
this magnetic vibrating plate or armature were set in motion mechan- 
ically, it would induce positive and negative currents like those 
which I had proposed to send through the instrument to set the 
armature in vibration; I then saw that two similar instruments 
might be placed in a circuit, and that the vibration in the armature 
of one would produce corresponding vibration in the armature of 
the other, and if the vibration of the armature of the inducing instru- 
ment was such as to produce a musical tone, the corresponding 
vibration of the other armature would produce the same musical 
tone. It will be understood, of course, that both armatures were to 
be tuned to the same pitch. I then conceived the plan of attaching 
a number of springs, of different musical pitch, to each pole of a 
permanent horseshoe magnet, so that the two sets of springs should 
lie in parallel planes. Between the ends of these springs, which by 
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their attachment to the permanent magnet became themselves mag- 
nets, an oblong electro-magnet was to be placed. The vibration of 
any one or more of the springs would induce corresponding electric 
currents in the electro-magnet when its circuit was closed, and if a 
second similar instrument was placed in the circuit I conceived that 

the armatures of this instrument would vibrate which corres- 
2188 ponded in pitch to those which were vibrating in the first in- 

strument, and would give out the same musical tones. It 
then occurred to me thai not only would the armatures of the second 
instrument respond to notes of similar pitch, but that the loudness 
of the sounds produced would be dependent upon the amplitude of 
vibration of the armatures of the first instrument, for the strength 
of the electrical impulses produced by the armatures of the first 
instrument would depend upon the amplitude of their vibra- 
tion, and the amplitude of the vibration of the armatures of the 
second instrument would depend upon the strength of the electrical 
impulses ; hence if a number of armatures of the first instrument 
were to be set simultaneously in vibration with different relations of 
force, the corresponding armatures of the second instrument would 
be thrown into vibration with corresponding relations of force. It 
at once occurred to me that the results obtained by Helmholtz in 
the reproduction of vowel sounds might be obtained by this instru- 
ment. Helmholtz obtained his effects by causing tuning-forks of 
different pitch to vibrate simultaneously, increasing the loudness of 
the sounds by external re-enforcement by means of resonators. It 
seemed to me that the same result could be obtained by causing the 
armatures of my instrument to vibrate with greater or less force, and 
that this could be done by simply uttering a sound in the neighbor- 
hood of the first instrument. When asound is uttered in the neigh- 
borhood of a musical instrument, like a piano or harp, each vocal 
sound is analyzed by the instrument into its component musical 
elements, and those strings of the piano or harp which correspond 
in pitch to the fundamental and overtones of the sound are thrown 
sympathetically into vibration by the action of the air, and the 
relative amplitudes of the vibrations of the different strings corres- 
pond to the relative loudness of the fundamental and overtones of the 
sound. Hence I conceived that if a sound should be uttered in the 
neighborhood of the first instrument certain of the armatures, corres- 
ponding in pitch to the fundamental and overtones of the sound 
uttered, would be thrown into vibration with the proper relations of 
force, and the armatures of the second instrument, — — in 
pitch to the fundamental and overtones uttered, would be thrown 
into vibration with corresponding relations of force, and would 

thus produce a sound having the same components as the origi- 
2189 nalsound. Reflecting upon this arrangement and its like- 

ness to the internal organ of hearing in the human ear, 
known as Corti’s organ, convinced me that if we could have a mul- 
titude of armatures, comprehending the whole scale of musical 
sounds audible to the human ear, the successive notes being so close 
together as only to differ infinitesimally from one another in pitch, 
then upon — to such an instrument, the consonant and vowel 
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sounds affecting the armatures of the first instrument would be re- 
produced by the armatures of the second instrument. 

In fact, sounds or noises of any kind made in the neighborhood 
of the first instrument would be reproduced by the second instru- 
ment. 

All these reflections occurred during this visit in Canada in the 
summer of 1874. At the same time, as I have already mentioned, 
I was making an optical study of sound for the purpose of exhibit- 
ing to the eves of the deaf the shapes of the vibrations due to vocal 
sounds, so that they might compare these shapes with the shapes 
which they, in their own attempts to produce sounds, saw exhibited 
in the manometric flame of Koenig. 

For that urpose I had taken with me to Canada a human ear, in 
hopes that I might be able to use the ear itself as a phonautograph, 
as suggested to me by Dr. Clarence J. Blake, of Boston, who kindly 
lent me the ear toexperiment with. I have still in my possession a 
number of glass plates, with tracings of the vibrations of the human 
ear caused by uttering different vowel sounds. These tracings bear 
dates in Julv and August, 1874, which dates were made upon the 
plates at the time the tracings were taken. 

Studying these tracings in connection with Hemholtz’ researches, 
I was led to see that they represented graphically the resultant 
vibration of the air caused by the fundamental and overtones of the 
voice. I was also struck with the fact that so small and delicate an 
organ as the membrane of the ear should be able from the impulses 
of the air to put in motion the comparatively large and massive 
bones contained in the tvmpanum. 

Helmholtz has pointed out that a graphical representation of the 
vibrations of the air caused by a simple musical tone, or, in other 

words, a simple pendulous vibration, is a simple curve of 
2190 a peculiar kind, called a sinusoidal curve, and that the graph- 

ical representation of the vibration of the air, caused by a 
sound of any other kind, is the resultant of a number of sinusoidal 
curves superposed, one upon the other, representing graphically the 
fundamental and overtones that go to make up the sound. 

I conceived, in like manner, that an analogous electrical effect 
would be produced upon the line wire between the first and second 
instruments previously described, caused by the superposition of 
currents due to the vibrations of the armatures corresponding to 
the fundamental and overtones of the sound uttered, 

I was thus led to the idea that a single armature might be putin 
motion in such a way as to produce directly a current which should 
correspond to the resultant current due to the vibration of the arma- 
tures which would respond to the fundamental and overtones of the 
sound. 

The question then arose in my mind whether an armature might 
not be set in motion by a membrane similar in shape and structure 
to that in the human ear, so as to produce a current which should 
correspond to the vibrations of the air. I did not, at this time, 
devise any method of combining a membrane with an armature, or 
attempt to construct any apparatus upon the plans | had conceived. 
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I never constructed the instrument which I have described, made up 
of a number of armatures attached to a permanent magnet and tuned 
tu different pitches, and which I had devised with special reference 
to multiple telegraphy, because I thought that the currents which 
would be induced would be so exceedingly weak that no useful effect 
would be produced by them corresponding to what I had theoret- 
ically attributed to them. I therefore turned my attention to other 
modes of working out my plan of multiple telegraphy, which I was 
thoroughly bent upon reducing to practice immediately. I did, 
however, explain to my father, and to other friends in Canada, my 
ideas as they occurred. When I returned to Boston in September 
or October, 1874, being without means for prosecuting my experi- 
ments, I made arrangements with Mr. Sanders and Mr. Hubbard to 
furnish funds for the prosecution of my experiments, and to enable 

me to patent my inventions. At their earnest request 1 
2191 devoted myself to the development of my system of multiple 

telegraphy, and applied for patents in the winter of 1874 
and 1875. 

I did, however, shortly after my return from Canada, have several 
interviews with Dr. Blake, for the purpose of showing him the ex- 
periments I had made, and of obtaining further information with 

rd to the structure and mechanism of the human ear, to aid me 
in my efforts to devise a method of producing vocal sounds electric- 
ally, and we carried on, conjointly, a series of experiments to obtain 
tracings of the vibration of the bones of the human ear. At one 
of these interviews I explained to him the various plans which had 
occurred to me for multiple telegraphy and the transmission of 
speech, and I made a number of rude sketches in his presence, 
illustrating these plans. Among them is to be found a sketch of an 
instrument showing two free reeds or springs attuched to the poles 
of a permanent magnet, and surrounded like harmonium reeds with 
casings adapting them to be vibrated by wind. Another figure on 
the same sheet exhibits two horseshoe permanent magnets, with 
their poles placed opposite each other, surrounded by helices form- 
ing part of an electric circuit. Between the poles of the magnets 
vibrating reeds are placed, which were to be of steel. The mechan- 
ical vibration of these reeds would produce electrical currents alter- 
nately in one direction and the other, and varying in strength at 
different parts of the vibration of the reeds, so as to produce an 
undulatory current regular in point of time, but varying in —— 
during any single vibration of the reed, in proportion to the dif- 
ferent velocity of the reed in the different parts of its path. 

On the same sheet is a representation of the instrument I have 
before referred to, where several springs were attached to the poles 
of a permanent magnet, having between them the poles of an 
elongated electro-magnet, over a portion of which each spring could 
vibrate. 

I am certain that I made sketches of these devices while in 
Canada; but I am unable to find any earlier than these given to 
Dr. Blake. 

I had an apparatus constructed for a receiving instrument, in 
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which a free reed, to be set in vibration by an electro-magnet, and 
produce a musical tone, was attached to the pole of a perma- 
2192 nent magnet. This was in the winter of 1874 and 1875, and 
is described in one of my applications for patents made in 
February, 1875. 

While in Washington attending to this business I called upon 
Prof. Henry and explained all my inventions to him. His appre- 
ciation encouraged me very much, and he pronounced my plan for 
the electrical production of articulate speech the germ of a great 
invention. 

I recollect explaining to him the idea of an instrument with a 
number of armatures tuned to different pitches, which I have before 
described, and it was with reference to this apparatus that he made 
the above remark. He showed me the various electrical and acous- 
tical instruments which he had in the Smithsonian Institute, inelud- 
ing Reis’ telephone. I had previously seen in the Institute of Tech- 
nology, in Boston, the receiving instrument of the Reis’ telephone, 
and was acquainted with the construction of the whole apparatus 
by diagrams and printed descriptions, but I had never before seen 
the transmitting portion of the apparatus. We had some conversa- 
tion about the mechanical power of stretched membranes. . I cannot 
recollect the details of it, but I remember that the effect of his 
remarks was rather discouraging as to my being able to obtain the 
results from a stretched membrane which I had hoped. I remem- 
ber that the impression left upon my mind was that each stretched 
membrane — have a rate of vibration peculiar to itself. 

On my return to Boston from Washington, as my partners, Mr. 
Hubbard and Mr. Sanders, considered the system of autograph 
telegraphy, for which I had obtained letters patent, likely to be 
more immediately valuable than any other of my inventions, I 
devoted my attention chiefly to the details of an autographie in- 
strument, but I continued studying the subject of the electrical 
production of articulate sounds. 

I had an apprehension, I may call it a belief, that the varyin 
currents which would be produced by the means which ha 
previously occurred to me, and to which I have already alluded, 
would be too weak to produce the results which I desired to 
obtain; that they would not be able to set their armatures in 
vibration to the extent requisite to produce audible sounds. I 

had then no idea of the extreme minuteness of amplitude 
2193 which can produce a sound, and I remember that my 

thoughts were directed to utilizing the current derived from 
a battery, the strength of which should be made to vary by vary- 
ing the resistance of the circuit through which it was passed. I 
sought to discover some method of varying this resistance propor- 
tionally to the varying vibration of the air. In a letter which I wrote 
to a friend on the fourth day of May, 1875, and which is now before 
me, I referred to this subject in the following language: “Another 
experiment has occurred to me which, if successful, will pave the 
way for still greater results than any yet obtained. The strings of a 
musical instrument in vibrating undergo great changes of molecular 


— 


224 


ra? oe on 


Current. 


2079 


tension. In fact, the vibration represents the struggle between the 
tension of the string and the moving force impressed upon it. I 
have read somewhere that the resistance offered by a wire to the 
ge of an electrical current is affected by the tension of the wire. 
f this is so a continuous current of electricity passed through a vi- 
brating wire should meet with a varying resistance, and hence a 
pulsatory action should be induced in the current. If this turns out 
to be the case the oscillations of the current should correspond in 
amplitude, as well as in the rate of movement, to the vibration of the 
string. One consequence would be that the timbre of a sound could 
be transmitted. The plan for transmitting timber that I explained 
to you before, viz., causing permanent magnets to vibrate in front 
of electro-magnets, is chiefly defective on account of the feebleness 
of the induced currents. If the other plan is successful the strength 
of the current can be increased ad libitum without destroying the 
relative intensities of the vibration. 
On the 2d of June, 1875, I wrote the following letter, referring to 
an experiment which I will relate: 


Sa.em, Mass., June 2, 1875. 


Dear Mr. Hupsarp: I have accidentally made a discovery of the 
very greatest importance in regard to the transmitting instruments. 
Indeed, so important does it seem to me that I have written to the 
organ factory to delay the completion of the reed arrangement until 
I have had the opportunity of consulting you. I have succeeded 

to-day in transmitting signals without any battery whatever. 
2194 The musical note produced at the receiving end was sensibly 

the equivalent of that at the transmitting end in loudness as 
well as pitch. 

I shall call upon you to-morrow (Wednesday) evening, as there 
are several matters I wish to talk over with you. In haste. 

Yours respectfully, A. GRAHAM BELL. 


Gardiner C. Hubbard, Esq., Brattle street, Cambridge. 


I had arranged an apparatus relating to multiple telegraphy, 
which consisted of several transmitting instruments and two sets of 
receiving instruments to correspond, representing three stations on 
a circuit. The transmitting instrument consisted of a steel spring, 
which was thrown into vibration by the action of an electro-magnet 
and local battery. In the course of its vibration it struck alter- 
nately two fixed platinum points, one connected with the local cir- 
cuit, the other with the main. The depression of a key directed 
the intermittent current from the main battery onto the line wire 
through the receiving instruments.’ Each receiving instrument con- 
sisted of a U-shaped electro-magnet having a coil upon only one of 
its legs; a metal spring was clamped firmly to the uncovered leg of 
the magnet, and its free end was over the other pole. When an in- 
termittent current passed through the coil of the receiver the spring 
armature was set in vibration when its normal pitch correspond 
to the pitch of the transmitting instrument which interrupted the 
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On the 2d of June I was trying this apparatus with my assistant, 
Mr. Watson. I was at the transmitting station when I operated 
the keys. The receiving instruments of the second station were in 
the same room, where I could observe them. Those of the third 
station were in an adjoining room under the observation of Mr. 
Watson. I pressed down the keys of the transmitting instruments 
successively, and the corresponding receivers — excepting 
in one case. 

Thinking that the spring armature of this receiver at Mr. Watson's 
end — sticking to the pole of the magnet underneath I called 

to him to pluck it up. At the moment he did so I observed 
2195 that the armature of the corresponding receiver at the second 

station was thrown momentarily into vibration, although I 
had depressed none of the transmitting keys, so that there was no 
battery upon the circuit. This seemed to me so extraordinary that 
I immediately determined to investigate the matter, and called Mr. 
Watson to continue plucking the spring until I told him tostop. I 
cut the line wire between the transmitting instruments and my re- 
ceiving instrument, and made a circuit through the receiving instru- 
ments independently of the battery, and the effect was produced as 
before. I then silenced the transmitting instruments and placed 
the spring armature of each of the receiving instruments against 
my ear, and heard distinctiy in every case the sound of Mr. Wat- 
son’s plucking the spring, although only the armature of the instru- 
ment corresponding to the one plucked was thrown into visible 
vibration. I also recognized the timbre of the sound produced by 
the plucking of the spring. We finally removed all the receiving 
instruments from the circuit except two, one at each end. 

The same effects were observed, although neither permanent mag- 
net nor battery was included in the circuit. At once my specula- 
tions in Canada, in the summer of 1874, occurred to my mind, and I 
saw that I had been hasty in coming to the conclusion that magneto- 
electric currents induced by the vibration of a plate or spring would 
be too feeble to set corresponding armatures in vibration so as to 
produce audible effects; for in the experiment I had just made the 
residual magnetism of the armature and core of the electro-magnet, 
though it must have been exceedingly slight, was able, when the 
spring was thrown into vibration, to induce a current sufficiently 
strong to set the armature of the other instrument in the circuit into 
visible vibration, so as to produce audible effects. 

It will be noticed that the apparatus I have just described is essen- 
tially the same as that represented in Fig. 5 of the drawings annexed 
to the patent granted to me March 7, 1876, and numbered 174,465, 
which is the subject of this interference, excepting that a battery is 
included in the circuit in the drawing to give a greater amount of 
magnetism in the core of the electro-magnet. I did, in fact, on the 

second day of June, 1875, repeat these experiments with a 
2196 battery included in the circuit, and then completed so much 
of the invention embraced in that patent as is represented 

in said — 5. 
My mind immediately recurred to the use of a membrane as a 
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means of operating an armature so as to correspond with the vibra- 
tions of the air caused by vocal sounds; and either on the same day 
or shortly after I gave orders for the construction of two instru- 
ments in which the armature of an electro-magnet should be moved 
by — vibrations of a stretched membrane to which it was con- 
nected. 

Such an instrument was constructed by Mr. Watson during the 
month of June, 1875, but I am unable to fix the exact day. 

Upon putting it into circuit with a battery the strength of the 
magnet and the weight of the armature were such as to tear the 


latter from the membrane, which was composed of goldbeater’s skin. 


Portions of this instrument are still in existence, and I annex a 
drawing, marked “A,” which corresponds in size with the parts now 
in my possession, and which correctly represents, as I believe, the 
instrument as originally constructed. So faras I can recollect it 
was not until the first of July, 1875, that we were able to get the 
instrument in condition for trial. I fix this date and the nature of 
the experiment by a letter which I wrote on that day, a copy of 
which is as follows : 


SaLeMm, Mass., July 1, 1875. 
Dear Mr. Hubbard: 


The experiment to which i alluded when I saw you last promises 
to be a grand success. On singing this afternoon in front of a 
stretched meinbrane attached to the armature of an electro-magnet 
the varying pitch of the voice was plainly perceptible at the other 
end of ihe line, no battery or permanent magnet —— employed. 
When the vibrations are received upon another stretehed membrane 
in place of a steel spring it is possible—nay, it is probable— that the 
“timbre ” of the sound may be perceived. I hope to try the experi- 
ment to-morrow afternoon. This morning, in dipping into a French 
work upon telegraphy, I came across a full description of the “ Typo- 
Télégraphe de M. nelli.” I find it to be identical with our auto- 
graph arrangement, save that five telegraph wires are required in- 
stead of one for transmission. Bonelli gets over the difficulty of 

prepared ink by setting up his message in type. The brush 
2197 of wires is passed over the raised surfaces of the letters, secur- 
ing perfect contact to the proper places. I have an engage- 
ment to meet Prof. Lovering to-morrow morning at ten o clock, and 


shall call upon you before returning to town. 
With kind regards, A. GRAHAM BELL. 


Gardiner G. Hubbard, Esq., Brattle street, Cambridge. 


I have not seen this letter since I wrote it until within three days, 
and I had forgotten that I had made any such record of this experi- 
ment. It is obvious from this letter that the effects produced must 
have been due to the residual magnetism remaining in the arma- 
ture and core of the magnet after having been previously magnet- 


ized by the passage of a battery current. ; 
Another inetrument with stretched membrane was immediately 
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constructed, and the experiment spoken of in said letter was tried 
of transmitting speech. One instrument was placed in my experi- 


mental room at the top of the building, and the other in the work- 


shop below. I spoke from my room to Mr. Watson and he spoke 
to me from below. I heard nothing, but Mr. Watson soon rushed 
up-stairs and said he could hear my voice, but could not make out 
what I said. We then changed places, but with the same result; he 
heard my voice, but I could not hear his. I am unable to say 
whether we used the instrument with a battery or without as on the 
previous occasion referred to in the letter to Mr. Hubbard. I am 
free to say that the results were not as good as I expected, but I be- 
lieved that the failure to obtain better results was due to the im- 
perfect construction of the instruments or to their parts not bein 
properly proportioned. I — believed that the elements combine 
in that apparatus were capable of giving better results than I at- 
tained in these experiments, and that the instruments embodied an 
important and valuable invention. I saw clearly that a current was 
induced different from that which attended the use of any other 
apparatus with which I am acquainted, and which was character- 
ized, not by makes and breaks of regular or irregular intervals or 

even by regular waves or impulses of — strength or dura- 
2198 tion, but by impulses which corresponded to the vibration of 

the air which moved the membrane. I had combined ele- 
ments which had never before been combined, and had produced 
entirely new results. 

A few weeks after this I was obliged to go to Canada and I was, 
therefore, 40 temporarily to suspend my labors upon these 
inventions. commenced the draft of the specification for my 
patent involved in this interference while I was in Canada, and I 
also endeavored to interest the Hon. George Brown, of Toronto, in 
my inventions with a view to have him take out patents for me 
abroad. I returned to Boston early in October and resumed work 
on my specification with a view to placing it in the hands of Mr. 
Brown in case of his accepting my proposition. I delayed making 
out an ——— for a patent in this country, though repeatedly 
urged to do so by Mr. Hubbard, in order to make some arraugement 
with Mr. Brown or some other person to make out foreign patents. 
I heard nothing from Mr. Brown until my visit to Canada at Christ- 
mas, 1875. I visited Mr. Brown in Toronto, at his request, the 28th 
of December, 1875, and on that evening, while in Toronto, I made 
rough pen-drawings representing my various inventions, including 
the apparatus heretofore described, which was constructed in June, 
1875, and tried on the first and subsequent days in July. 

Mr. Brown took the specification and these drawings I had pre- 
pared to England, but did not make an application. The specifica- 
tion and drawings have been in his possession ever since till within 
a few days. 

I annex a heliotype copy of one sheet of these drawings repre- 
senting this apparatus, marked B.“ There is also upon this sheet 
a memorandum referring to the trial of this apparatus, which memo- 
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randum was made by me at the same time with the drawing. I 


COMPLATEANTS’ BOOK OF EXHIBITS. 


A. 8. BELL. 
“Transmitter and Receiver fer Electric-Telegraphs. 
No. 161,739. Patented April 6, 1878. 
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completed the specification for my American patent early in Janu- 
ary, and sent it to Mr. Hubbard, in Washington, to be examined by 
Mr. Pollok. I am not able to fix the date when I sent it, but on the 
18th of January I received a letter from Mr. Hubbard expressing his 
satisfaction with it, and it must have been returned to me then or 
immediately after, as I made oath to it in Boston on the 20th of 
January, 1876, and sent it back to Mr. Hubbard. The reason why 

it was not filed immediately was that it was deemed import- 
2199 ant that I should meet Mr. Pollok and go over it with care. 

We met in New York shortly after and spent a day in con- 
sidering the specification. No change whatever was made in it, and 
Mr. Pollok took it back with him and filed it in the Patent Office 
on his return. 

I ought to state that I did not, before the filing of my application, 
construct the devices described in my specification for varying the 
resistance of a voltaic circuit as means for producing an undulatory 
current. I was in Washington the first — days in March, and 
immediately on my return I constructed an apparatus having a wire 
attached to a stretched membrane, dipping into a vessel containing 
water, forming part of a circuit, the resistance of the circuit being 
varied by the vibration of the membrane, which caused the wire to 
dip more or less deeply into the liquid. On the 10th of March 
Mr. Watson and myself tried this apparatus as a transmitter, using 
the steel spring armature depicted in my patent as a receiver, and 
obtained intelligible articulation. I exhibited an instrument con- 
structed in this way at the Centennial Exhibition in June, 1876, be- 
fore Sir William Thomson and other judges of his department. 


ALEXANDER GRAHAM BELL. 


COMMONWEALTH OF MASSACHUSETTS, | 1 


? 


This twentieth day of November, 1878, personally appeared Alex- 
ander Graham Bell, and made oath that the foregoing statement by 
him subscribed is true. 


Before me— 
[SEAL. ] CHAS. EUSTIS HUBBARD, 
Notary Public. 


(Here follow diagrams marked pp. 2200, 2201, and 2202.) 


. 
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2203 Unitep States PATENT OFFICE. 


ALEXANDER GRAHAM BELL, of Salem, assignor to himself and 
Thomas Sanders, of Haverhill, and Gardiner G. Hubbard, of 
Cam bridge, Massachusetts. 


Improvement in Transmitters and Receivers of Electric Telegraphs. 


Specification forming part of Letters Patent No. 161,739, dated 
April 6, 1875; application filed March 6, 1875. 


To all whom it may concern: 

Be it known that I, Alexander Graham Bell, of Salem, Massachu- 
setts have invented certain new and useful improvements in appa- 
ratus for transmitting and receiving telegraphic signals or messages, 
of which the following is a specification : 

In another application for letters patent I have described a method 
of and apparatus for transmitting two or more telepraphic messages 
or signals simultaneously along a single wire by the employment of 
transmitting-instruments, each of which transmits, per second, im- 
pulses differing in number from the others, and receiving-instru- 
ments, each tuned to a pitch at which it will be put in vibration to 
produce its fundamental tone by one only of the transmitting-in- 
struments. 

In illustration of that method I have shown in the application 
aforesaid, as one form of receiver, an electro-magnet having a steel- 
spring armature tuned to the pitch above specified. My present in- 
vention primarily is directed to the employment of the vibratory 
movement of the vibrating part of the receiver, for the purpose of 
actuating any ordinary or suitable electro-magnetic recording or 
sounding instrument. This result I have effected by the employ- 
ment, in a local circuit (in which is also the recording or sounding 
instrument), of a vibratory circuit-breaker acted upon by the re- 
ceiver, and operating to convert the vibratory motion of the latter 
into a permanent make or break, as the case may be, of the local 
circuit, which is continued so long as the receiver continues in a 
state of vibration. 

The arrangement above indicated is applicable toa line where but 
one receiver is employed, as well as to a — combining a number 
of receivers. In the latter case each receiver will of course have its 
own vibratory circuit-breaker arranged in a distant circuit, which 
contains only that recorder or sounder which is to be affected by the 
receiver. 

I prefer to use for the vibratory circuit-breaker a light lever of 
the first order; but I desire here to remark that this form is not ar- 
bitrary. Many forms of circuit-breakers for the pur may be em- 
ployed—such as membranes, &c., all that is required being that the 
circuit-breaker shall be capable of vibratory or oscillatory move- 
ment, and that its normal rate of movement, when in oscillation or 
vibration, shall be slower than that of the motor (the vibrating por- 
tion of the receiver) by which it is actuated. 

To enable others skilled in the art to understand and use my in- 
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vention, I shall now proceed to describe the manner in which the 
— isor may be carried into effect, by reference to the accompanying 
rawing. 

In figure 1, R is the receiver, consisting, in this instance, of an 
electro-magnet, a, and a steel-spring armature, b, tuned to a pitch at 
which it will be put in vibration by the succession of electrical im- 
pulses sent through the electro-magnet by the action of the trans- 
mitter T. The latter instrument, although constituting, per se, no 
integral part of my present invention, is indicated in — in 
order to better explain the nature of my improvements. It consists 
of a local circuit, e, and an electro- magnet, d, a vibrating steel - spring 
armature, e, tuned to a pitch to accord with the spring 6 of the re- 
ceiver, two platinum points, pp’, between which the spring vibrates, 
the one, p’, communicating with the main line, the other, p, with 
the local, and a key, k, by means of which the intermittent impulses 
due to the action of the vibrating armature can at pleasure be sent 
along the main line, to affect the vibrating armature 6 at the receiv- 
ing-station. Adjoining the receiver I place a light lever, f, of wood, 
straw, or other suitable material for the purpose. This lever is 
mounted to oscillate freely on a pivot or axis, g, and one of its ends, 
f', overhangs the free end of the vibratory armature 6. The normal 
rate of movement of the lever, when oscillating or vibrating, is con- 
siderably less than that of the armature, the consequence of which 
is that the latter, when in vibration, will, by striking the overhang- 
ing end of the lever, elevate that end, and consequently depress the 
other, which tilted condition of the lever will be maintained so long 
as the armature continues in vibration. 

An adjustable stop, h, is provided to regulate the distance 
2204 whichshall intervene between the overhanging end of the lever 
and the free end of the armature when both are at rest. A 
weight, i, adapted to slide on the overhanging half of the lever, may 
also be provided to regulate the weight of the one arm of the lever 
with relation to the other arm. Theoverhanging arm should slightly 
exceed the other in weight. The proper process can be readily ascer- 
tained and obtained by means of the sliding weight. To the end f? 
of the lever is attached a platinum bow, J. the two ends of which 
extend down toward two mereury- cups, J I. In the present instance 
the local circuit n, in which the mercury-cups are located is to be 
closed when the receiver vibrates. To this end the platinum points 
d, when the lever is at rest, are elevated far enough to be out of con- 
tact with the mercury; but when, by the action of the vibrating re- 
ceiver, the lever is tilted, the platinum points are dep far 
enough to dip well into the mercury, thus completing the local cir- 
cuit and exciting the electro-magnetic instrument in the circuit, 
which, in this case, is an ordinary Morse sounder, n. 

The prevent oxidation as far as practicable, the mercury-cups are 
filled above the mercury with glycerine, into which the platinum 
— at all times are immersed. A condenser may be used in the 
ocal circuit to reduce the spark. The local circuit above shown is 
normally open; but it is obvious that with slight changes I can work 
as well with a local circuit normally closed. It will also be under- 
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0 
stood that other connections beside the mercury-cups can be used. 
I much prefer, however, the latter. 

By means of the vibratory circuit-breaker thus actuated, I can 
operate not only the Morse sounder, but the register or recorder as 
well. By the same means I can also operate printing mechanisms, 
as Hughe’s, and type-writers, such as that of Shole & Glydden. The 
latter will, of course, require one transmitter and one receiver and 
vibratory circuit-breaker for each key. The same arrangement of 
circuit-breaker can be adapted to the chemical telegraph, and the 
various systems of — 

A system of autograph-telegraph devised by me, and based upon 
the above-described method of operating the vibratory circuit- 
breaker by the vibrations of the receiver, is represented in Fig. 2. 
123 456 are transmitting instruments, such as represented in Fig. 
1. The local circuit or circuits for these transmitters I have omitted, 
to avoid confusion. Each vibrating armature connects by a wire, 8, 
with a metallic or conducting bristle, t, mounted in a non-conduct- 
ing base, u. placed over the me:allic plate v, with which the bristles 
are in contact. The plate is in communication with the main bat- 
tery B. The bristles are insulated from one another, and are placed 
as near together as ible. From the platinum point p’ of each 
transmitter (with which point the vibrating armature of the trans- 
mitter makes and breaks cuntact during its vibration) leads a wire, 
s’, to the main line M. For each transmitter there is, at the receiv- 
— — of the line, a corresponding receiver, such, for instance, as 
indicated in Fig. 1, whose armature responds in vibration to one 
only of the transmitters. The receivers are indicated at 78 9 10 11 
12. The main line, by branches, passes through each electro-magnet 
of each receiver, and thence to earth. With each receiver is com- 
bined a vibratory circuit-breaker, in the manner hereinbefore de- 
scribed. These circuit-breakers are indicated at 13 14 15 16 17 18. 
The mercury-cups of the circuit-breakers are in a circuit worked by 
battery B’. 

The local-circuit connections are plainly indicated in the diagram. 
In the local circuit are electro-magnets z, one for each receiver, and 
above each electro-magnet is one arm of a vibratory lever, y, consti- 
tuting the armature of the magnet. The other arm of the lever 
terminates in a stylus, which normally rests upon an ink-ribbon, 2, 
just above the plate or bed r. 

The stylus-armed ends of the levers converge, so as to be about as 
near, and in the same relative position to one another, as the me- 
tallic bristles at the transmitting end of the line. 

To operate the apparatus the message or object to be copied at the 
receiving end is written or impressed in non-metallic ink on a sheet 
of metallic foil, and this sheet is placed on the metal plate under 
the bristles at the transmitting end. The sheet of paper, or other 
material on which the message is to be delivered, is placed on the 
receiving-table r, under the stylus-armed levers. Both sheets are 
dragged or drawn along (not necessarily, however, at the same rate 


of speed) over their respective tables. So long as the bristles have 
metallic contac arenes — eewretr 


ctrical impulses from their respective 
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transmitters pass along the line-wire, and operate all the receivers, 
the consequence of which is the vibratory circuit-breakers are oper- 
ated to close all the connections of the local circuit, all the electro- 
magnets in that circuit are excited, and all the recording-levers are 
attracted by the magnets and lifted from the ink-ribbon. When, 
however, the message comes under the bristles, each of said bristles, 
according to the position of the non-metallic line or surface under 
it, will be brought in contact with a non-conductor, which will have 
the effect of interrupting the series of intermittent impulses from 
the transmitter connected with that bristle, and consequently the 
corresponding receiver at the other end will cease to vibrate, the cir- 
cuit-breaker of that receiver will be removed from contact with its 
mercury-cups, thus breaking the circuit between those cups and the 
electro-magnet connected therewith, and the magnet, losing its power, 
will release the recording-lever, whose stylus end will consequently 

drop and impress a mark, through the medium of the ink- 
2205 ribbon, on the paper or other sheet passing between the ink- 

ribbon and the recording-table. In this way an exact copy 
of uny message, picture, or other object — en or written upon 
— metallic foil can be transmitted to and obtained at the receiving 
end. 

The recording-levers can be provided, if need be, with light 
springs, to draw them quickly down onto the ink-ribbon when re- 
leased by their electro-magnets. 

Having described my invention, what I claim, and desire to secure 
by letters patent, is as follows: 

1. In a system of telegraphy in which the receiver is put in vibra- 
tion by electrical impulses sent along the line-wire from the trans- 
mitting-station, as described, the combination at the receiving end 
of a local circuit independent of the receiver and a vibratory circuit- 
breaker in said local circuit, acted upon by said receiver to effect a 
permanent make or break, as the case may be, of the local circuit, 
which is continued so long as the receiver continues to vibrate, and 
ceases with the cessation of the receiver's vibration, substantially as 
herein set forth. 

2. The combination, substantially as herein described, with the 
vibratory portion of the receiver of a vibratory circuit-breaking 
lever which will vibrate or oscillate at a slower rate than that at 
which the former moves when in vibration, as and for the purposes 
set forth. 

3. The autograph-telegraph, comprising the combination of a 
series of transmitters and transmitting bristles or wires, a single 
main wire, receivers corresponding in number to the transmitters, 
tuned to a pitch to vibrate in unison with the succession of electric 
impulses transmitted from their respective transmitters, vibratory 
circuit-breakers, one for each receiver and a local circuit, electro- 
magnet, and recording lever for each circuit-breaker, the whole 
operation substantially as shown and described. 
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In testimony whereof I have hereunto signed my name this 2d 


day of March, A. D. 1875. 


Witnesses : 
EWELL A. DICK. 
HENRY R. ELLIOTT. 


2206 Tests of Complainants’ Exhibits Nos. 49, 50, 51, 52, 53, 54, 55 and 
688, at Boston, Nov. 15, 1882. 


(Put in evidence by complainants, page 1708 of Record.) 


Mr. Rydall’s Short-hand Notes, taken in Transmitting-Room. 


Wepnespay, Nov. 15, 1882. 


(Present: Mr Hill, for defendants; Mr. Jacques speaking into 
transmitter; Mr. Storrow at tell-tale line. 

At receiving-room ; Mr. Benjamin, Prof. Cross, Mr. Chauncey Smith, 
and Mr. Yerrington, short-hand writer.) 

Instrument No. 54. 

Mr. Jacques: Now I am ready. I am speaking into one of the 
cone instruments. Do you understand this? Hallo! It is a pleas- 
ant day outside. 

Mr. Storrow: Hallo, hallo! What? Whatis it? Hallo! What 
is it? Yes, wait a minute. Hallo! Say a few sentences so that 
* can get the adjustment. Hallo, hallo! Listen. 

— — Hallo, do you hear this? Can you adjust by this? Can 
you adjust by this? Is this loud enough to adjust? Is this loud 
enough to adjust? Is this loud enough to adjust? Is this loud 
enough for you to adjust? Hallo! 

Mr. Storrow: Hallo! Listen. , 

Mr. Jacques: Hallo! The sun is shining brightly outside. The 
sun is shining brightly outside. 

Mr. Storrow : Prof. Cross says, hallo, the sun is shining brightly 
— first time. Listen, hallo, ready? Listen. Hallo! Go 

Mr. Jacques: I see a stone building. I see a stone building. 

Mr. Storrow: Hallo, hallo! What is it? I see a stone building. 
Hallo! Listen. Ready. What is it? Listen, listen. Go ahead. 

Mr. Jacques: There are many telegraph wires in view. There are 
many telegraph wires in view. i 

Mr. Storrow: Hallo! There are many telegraph wires in view. 
Say when you are ready. Yes. Go ahead. 

Mr. Jacques: The wires are fixed to glass insulators. The wires 

are fixed to glass insulators. 
2207 Mr. Storrow : The wires are fixed to glass insulators. 
Mr. Jacques: There are also many chimney pots. There 
are also many chimney pots. 

Mr. Storrow: There are also many chimney pots. Not got the 

second time. 


A. GRAHAM BELL. 
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Mr. Jacques: The spire of ninety-five Milk street is half a mile 
* The spire of ninety-five Milk street is half a mile away. 

r. Storrow: Got half a mile, Milk street, half a mile away. 

Didn't get the rest. Got the spire of 95 Milk street or half a mile 


away. 

Mr. Jacques: The new office is nearly completed. The new 
a is nearly completed. The new post office is nearly com- 

eted. 

. Mr. Storrow: Hallo! What is it? Did you get that last? Mr. 
* is listening. Go ahead. 

r. Jacques: The wind is directly west. The wind is directly 
west. The wind is directly west. 

Mr. Storrow : Listen. 

Mr. Jacques: The wind is directly west. The wind is directly 
west. The wind is directly west. 

Mr. Storrow: Hallo! Say the same thing. 

Mr. Jacques: The wind is directly west. The wind is directly 
west. The wind is directly west. 

Mr. Storrow: Hallo! That’s exactly it. I understand the wind 
is directly west. Mr. Cross listening. 

Mr. Storrow to Mr. Hill: Do you want to speak here? 

Mr. Hill: Not at present. Let us see. Suppose you take some 
of this. From here to the end Mr. Hill dictated from a newspaper 
and Mr. Jacques spoke into the transmitter what was so dictated. 
(Mr. Jacques repeating after Mr. Hill.) New York, Nov. 14. 18— 

Mr. Storrow: All right Mr. Benjamin listening. 

a Jacques: New York Nov. 14, 1882. New York, Nov. 14, 
1 

Mr. Storrow: What did you say you heard? Circuit open the 
first part. Mr. Benjamin heard the last part. 

Mr. 2 ues: New York, Nov. 14, 1882. New York, Nov. 14, 

88 
2208 Mr. Storrow: Well. Missed it. Mr. Benjamin got the 
words New York and 1882. The month was heard hetween, 
on not tell what it was. The sound loud, but a good deal 
urred. 

Mr. Jacques: The suit of Samuel Wilkisson against Henry Ward 
Beecher. The suit of Samuel Wilkersson against Henry Ward 
Beecher. 

Mr. Storrow: Henry Ward Beecher Mr. Benjamin got each time; 
nothing else. 
fe acques : Was called for trial to-day. Was called for trial 
to-day. 

Mr. Storrow: Hallo, got that. It was something like something 
sails to-day. Ready. 

Mr. Jacques: Before Judge Barret. Before Judge Barret. Be- 
fore Judge Barret. 

Mr. Storrow: Before Judge Harry (repeated three times). 

Mr. Jacques: In the supreme court circuit. In the supreme court 
circuit. In the supreme court circuit. 

Mr. Storrow: In the supreme court circuit (repeated three times). 
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Mr. Jacques: The action is for breach of contract. The action is 
for breach of contract. The action is for breach of contract. 

Mr. Storrow: The action is for breach of something. I would 
like to have Mr. Cross listen before this membrane gets too wet. 
It is getting damp now. 

Mr. Storrow: Are you ready? Are you ready? Hallo! Go 
ahead; Mr. Cross is listening. 

Mr. Jacques: The barometer is highest in Utah. The barometer 
is highest in Utah. 

1 Storrow: Hallo! What is it? The barometer is highest in 
Utah. 

Mr. Jacques: And is low in the lake region. And is low in 
the lake region. 

Mr. Storrow: What did you say? What did you say? What? 
Only say once unless he asks for repetition. 

Mr. Jacques: At Marblehead last evening. 

Mr. Storrow: Hear that? Did you hear that? No, he was not 

listening. Say when you are ready. 
2209 Jacques: At Marblehead last evening. 
Mr. Storrow: Something last evening. Please repeat 


Mr. Jacques : 
Mr. Storrow: 
Mr. Jacques: 
Mr. Storrow: 


At Marblehead last evening. 
At Marblehead last evening. 
Mrs. Martha Chapman. 
Mrs. Martha Chapman. 


Mr. Jacques: As the result of an election wager. 

Mr. Storrow: As the result of a—; repeat it. 

Mr. Jacques: As the result of an election wager. 

Mr. Storrow: As the result of an election wager. 

Mr. Jacques: Wheeled Mrs. Hannah Perry. 

Mr. Storrow: Wheeled Mrs. Anna Perry. 

Mr. Jacques: In a wheelbarrow. 

Mr. Storrow: In a wheelbarrow. 

Mr. Jacques: From her residence on Front street. 

Mr. Storrow: From her residence on Front street. 

Mr. Jacques: Through State street to the square. 

Mr. Storrow: Through State street to the square. 

Mr. Jacques: Around the town hall and returned. 

Mr. Storrow: Around the town hall and returned. 

Mr. Jacques: The vehicle was tastefully decorated. 

Mr. Storrow: The vehicle was tastefully decorated. 

Mr. Jacques: With Chinese lanterns. 

Mr. Storrow: With Chinese lanterns. 

Mr. Jacques: Mrs. Moses Sweet carried a large banner. 

Mr. Storrow: Mrs. something Sweet—understood what—Mrs. 
something Sweet carried a large banner. Understood it was Rhoda 
Sweet. 

Mr. Jacques: With the picture of a fighting cock. 

Mr. Storrow : Repeat; noise and was not listening. 

Mr. Jacques: With the picture of a fighting cock. 

Mr. Storrow: With the picture of a fighting cock. 

Mr. Jacques: And the inscription. 
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Mr. Storrow: And the inscription. 
Mr. Jacques: 13,000 clean sweep. 
Mr. Storrow: 13,000 clean sweep. Listen. 


(Here the membrane transmitter was taken off and an old 
2210 box magneto telephone, such as were in commercial use in 
1877, was put on as transmitter.) 


Mr. Jacques: On the point whether insurance agents. 

Mr. Storrow: “On the” and “insurance agents.’ 

Mr. Jacques: Can enter claims for all their companies. 

Mr. Storrow: Can enter claims for all their companies. 

Mr. Jacques: Or whether each company must file its claim sep- 


Mr. Storrow: Must what? Whether each company separately. 
What is it you heard? Whether each company must buy some- 
thing separately. 

4 Jacques: This question is of great importance to Alabama 
claims. 

Mr. Storrow: This question is of great importance to Alabama 
something. 

Mr. Jacques: And it will be argued as a test case. 

Mr. Storrow: Two words which they did not understand. Listen. 
Got the words. 

Mr. Jacques: By Shallabarger and Wilson. 

Mr. Storrow : They don’t get that at all. Now, I would like to 
have Mr. Cross listen. Are you ready? Listen. 

Prof. Cross now listens. 

Mr. Jacques: Secretary Chandler was crowded with visitors this 
morning. 

Mr. Storrow: Repeat it. 

Mr. Jacques: Secretary Chandler was crowded with visitors this 
morning. 

Mr. Storrow: Secretary Chandler was something this morning. 
Didn’t get it. Repeat it. 

Mr. Jacques: Secretary Chandler was crowded with visitors this 
morning. 

Mr. Storrow: Benjamin said he was talking the same time you 
were listening. Repeat. PE 

Mr. Jacques: Secretary Chandler was crowded with visitors this 
morning. 

Mr. Storrow: Secretary Chandler was crowded with visitors this 

morning. Hallo! The transmitter which we have got on 
2211 now and the transmitter which we spoke to Mr. Benjamin 

with about the Alabama claims is the old-fashioned box mag- 
neto transmitter with eight cells battery. Get that? Hallol. hallo! 
They are going to put on another instrument. Now put on the 
cones. That corresponds to 56, one that has got no “etn, ole 

Something. 

A change of instrument as transmitter, and 55 as receiver. No. 
56 is now put on. Hallo! hallo! hallo! Well, I know that. Hallo! 
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hallo! The number is what? Fifty-five they have got on there. 
Listen. Are you ready? Say when you are ready. 

Mr. Jacques: Hallo! hallo! hallo! hallo! 

Mr. Storrow: Hallo! All ready? 

Mr. Jacques: This afternoon the delegates 

Mr. Storrow: This afternoon—repeat. 

Mr. Jacques: This afternoon the delegates 

Mr. Storrow: This afternoon the delegate 

Mr. Jacques: To the annual Baptist conference 

Mr. Storrow: Of the annual something conference 

Mr. Jacques: Assembled in the First Baptist Church, Brooklyn. 

Mr. Storrow: Assembled in the First Baptist Church, Brooklyn. 
This louder than before. 

Mr. Jacques: There was a fair attendance of laymen. 

Mr. Storrow: There was a fair attendance of laymen. 

Mr. Jacques: The subject of discussion was the race and religion 
on the American continent. 

Mr. Storrow: The subject of discussion was something and re- 
ligion on the American continent; he thought he said race and re- 
ligion ; that is what he did say. 

Mr. Jacques: The conference will be continued to-morrow and 
Thursday. 

Mr. Storrow: The conference will be continued to-morrow and 
Thursday. : 

Mr. Jacques: And a different topic will be considered each day. 

Mr. Storrow: And a different topic will be considered each day. 

Mr. Jacques: Portsmouth, England, Nov. 14, 1882. 

Mr. Storrow: Portsmouth, England, Nov. 14, 1882. 

Mr. Jacques: Steamer “ Westphalia” has been docked here. 
2212 : Mr. Storrow: The steamer “ Westphalia” has been docked 
ere. a 

Mr. J.: The captain of the“ Westphalia says 

Mr. S.: The captain of the “ Westphalia” says 

Mr. J.: The collision between his steamer and another steamer 
was caused. 

Mr. S.: The something between his steamer and another steamer 
was caused. What was the second word you said, the word between 
his steamer? What was it between his steamer and another? Re- 
peat the sentence. What? You heard it. He got it. He has in- 
telligence instead of collision. : 

Mr. J.: By the latter improperly starboarding. 

Mr. S.: By the latter improperly starboarding. Repeat the pre- 
ceding sentence. 

Mr. J.: The collision between his steamer and another steamer 
was caused. 

Mr. S.: The collision. 

Mr. J.: He remained on the spot for two hours burning lights. 

Mr. S.: He remained on the spot for two hours burning lights. 

Mr. J.: But the other steamer disappeared. 

Mr. S.: But the other steamer disappeared. Hallo! me you want 
any more? Put on one of the gallows frames. Hallo! o! 
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Instrument No. 52 as transmitter, with 8 cells of Bunsen battery, 
51 as receiver. 


Mr. Storrow: What instrument have you got on, 51, 8 cells; are 
you ready ? 

Mr. J.: Hallo! hallo! hallo! Do you hear this; do you hear this? 
Hallo! hallo! hallo! One, two, three, four, hallo! 

Mr. S.: No; I think not. 


(Mr. Jacques here adjusted the instrument, the bar having slipped 
and thrown it out of adjustment.) 


Mr. S.: Say when you are ready. 
Mr. J.: Hallo! hallo! Do you hear this; do you hear this; do 
you hear this? 
Mr. S.: Go ahead. 
Mr. J.: A despatch to the Times from Paris. 
Mr. S.: Repeat. 
Mr. J.: A despatch to the Times from Paris. 
2213 Mr. S.: A despatch—something from Paris. 5 
Mr. J.: Says the anarchists who were arrested. Says the 
anarchists who were a 
Mr. S.: The something who were arrested. 
Mr. J.: At Lyons have been committed for trial. At Lyons have 
been committed ſor trial. 
Mr. S.: At Lyons must have been committed for something. 
Mr. J.: A preliminary investigation. A preliminary in vestiga- 
tion. 
Mr. S.: A preliminary —repeat. Think it is investigation. Ro- 


it. 
Mr. J.: A preliminary investigation. 
Mr. S.: A preliminary investigation. 
Mr. J.: Showed the existence of a scheme. Showed the existence 
of a scheme. 
Mr. S.: Shows the resistance of something. 
Mr. J.: For a partial rising at various points. Fora partial rising 
at —＋ insg. oe : 
r. S.: For a partial rising at various points. 
Mr. J.: In order to pave the way. In order to pave the way. 
Mr. S.: In order to pave the way. You got it right. In order to 
pave the way. 
Mr. J.: For a general outbreak. 
Mr. S.: There was a general outbreak. 
Mr. J.: In the election to-day. 


(The transmitting instrument was here readjusted ; the bar had 
slipped and was put back in place.) | 


Mr. S.: Hallo! Are you ready? Are you ready? Say when you 


are ready. 
Mr. J.: In the election to-day. In the election to-day. 
Mr. S.: In the election to-day. They got the first one. 
Mr. J.: For United States Senator. For United States Senator. 
Mr. S: For United States Senator. 
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Mr. J.: For the short term in the Senate. For the short term in 
the Senate. 
Mr. S.: For the short term in the Senate. 
2214 Mr. J.: Mr. Barlow received 29 votes. Mr. Barlow received 
29 votes. 

Mr. S.: Mr. Barlow received 29 votes. 

Mr. J.: And Mr. Hill 14. And Mr. Hill 14. 

Mr. S.: Heard that the first time. 

Mr. J.: In the House Mr. Barlow received 79 votes. 

Mr. S.: Those are all heard. Heard the first time all of them. 

Mr. J.: In the House Mr. Barlow received 79 votes. 

Mr. S.: In the House Mr. Barlow received 79 votes. 

Mr. J.: And Mr. Hill 91. 

Mr. S.: And Mr. Hill 91, the first time. 

Mr. J.: There was no election. There was no election. 

Mr. S.: There was no election. Hallo, do you want anything 
more down there? We have taken off the instrument. Wait a 
minute; we will put it back again. Is the membrane damped much? 
Wait a moment; we will hitch it np again. Benjamin says he wants 
to listen. I understand Mr. Cross has been listening. Are you 
ready? Go ahead. 

Mr. Benjamin listens at No. 51. 

Mr. J.: Troy, N. V., Nov. 14, 1882. Troy, N. V., Nov. 14, 1882. 

Mr. S.: Troy, N. V., Nov. 14, 1882. Got first time. 

Mr. J.: There is great excitement here. There is great excite- 
ment here. 

Mr. S.: There is great excitement here. 

Mr. J.: Over the organization. Over the organization. 

Mr. S.: Over the organization. : 

Mr. J.: Of the new Board of Aldermen. Of the new Board of 
Aldermen. 

Mr. S.: And the new Board of Aldermen. Got that first time. 

Mr. J.: The republicans and independents. The republicans and 
independents. 

Mr. S.: The republican independents. 

Mr. J.: Have 13 members. 

Mr. S.: Repeat that. Was not listening. 

Mr. J.: Have 13 members. 

Mr. S.: Something members. 
2215 Mr. J.: Have 13 members. 
Mr. S.: Have 13 members. 

Mr. J.: And the democrats 12. 

Mr. S.: And the democrats one. That isa curious mistake. Re- 
peat that. : | 

Mr. J.: And the democrats 12. 

Mr. S.: 12 and the democrats 12. Ready. Go ahead. 

Mr. J.: The latter. 

Mr. S.: What is it? They got it first time with Bell receiver in 
line. Did not get it the second time. 

Mr. J.: The latter, at the meeting of the old. 
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Mr. S.: The latter, at the meeting of the Tell us all that was 
said. Now listen. 

Mr. J.: The latter, at the meeting of the old board. 

Mr. S.: The latter, at the meeting of the old board. 

Mr. J.: Seated a candidate. 

Mr. S.: Repeat. 

Mr. J.: Seated a candidate. 

Mr. S.: A candidate—repeat. 

Mr. J.: Seated a candidate. 

Mr. S.: A candidate—repeat. 

Mr. J.: Seated a candidate. 

Mr. S.: Can't get that word; try it again. 

Mr. J.: Seated, seated a candidate. 

Mr. S.: That is what it sounds like. Seated a candidate. Screw 
up your — The current makes the thing jump. Say 
when you are ready. 

Mr. J.: Hallo, hallo, hallo. 

Mr. S.: Go ahead. : 

Mr. J.: Who claimed to be elected to fill a vacancy. 

Mr. S.: Well, it is getting very slack. Weaker than it was before. 
Membrane getting slack. Hallo! Put on the other gallows-frame. 

Mr. J.: Number 50 put on as transmitter and No. 49 as receiver. 

Mr. S.: Tell us when you are ready. What number have you 
goton? They have got 49. 

Mr. J. Hallo, hallo, hallo! Is it right? Is it right? Is 
2216 it right? Hallo, hallo, hallo! Do you understand? Do 
ou understand ? 

Mr. S.: Say when you are ready. What is it? Who's listening? 
Mr. Cross is listening. Go ahead. Go ahead. All right. 

Prof. Cross listens at No. 49. 

Mr. J.: A scene which occasioned. A scene which occasioned. 

Mr. S.: Something this occasion. 

Mr. J.: A scene which occasioned. 

Mr. S.: A scene the occasioned. It was a scene which occasioned 
is the word. 

Mr. J.: Quite a sensation. 

Mr. S.: What is it? You can’t hear through the telephone in 
this circuit. Now listen. 

Mr. J.: Quite a sensation. 

Mr. S.: Quite the sensation. 

Mr. J.: Occurred last night. 

Mr. S.: Occurred last night. 

Mr. J.: In the Globe Theatre. 

Mr. S.: In the Globe Theatre. 

Mr. J.: During the performance. 

Mr. S.: During the performance. 

Mr. J.: Of Tennyson’s new pastoral drama. 

Mr. S.: Of Tennyson’s something. Repeat. 

Mr. J.: Of Tennyson’s new pastoral drama. 

Mr. S.: Of Tennyson’s something. 

Mr. J.: Of Tennyson’s new pastoral drama. 
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Mr. S.: Got drama. Of Tennyson’s new pastoral drama. That 
is all right, he says. 

Mr. J.: The promise of May. 

Mr. S.: Repeat. 

Mr. J.: The promise of May. 

Mr. S.: Once more. 

Mr. J.: The promise of May. 

Mr. S.: The promise of May. 

Mr. J.: Among those present. Among those present. 

Mr. S.: Among those present. 
2217 Mr. J.: Was the Marquis of Queensberry. Was the Mar- 
quis. Was the Marquis of Queensberry. 

Mr. S.: Ves; that is right. 

Mr. J.: Who is an avowed free thinker. Who is an avowed free 
thinker. 

Mr. S.: Repeat. 

Mr. J.: Who is an avowed free thinker. 

Mr. S.: He is an avowed free thinker. 

Mr. J.: He rose excitedly from his seat. He rose ex—. He rose 
excitedly from his seat. 

Mr. S.: He rose excitedly on his seat. 
Mr. J.: And loudly protested. 

Mr. S.: And loudly protested. 

Mr. J.: Against Tennyson's representation. Against Tennyson's 
representation. 7 


(The screw became again loose, and the bar slipped. Scre 
together again.) 


Mr. S.: Now listen. 

Mr. J.: Of the principles of free thought. Of the principles of 
free thought. 

Mr. S.: Hallo! Listen. 

Mr. J.: Of the principles of free thought. Of the principles of 
free thought. 

Mr. S.: Of the principles of free speech. 

Mr. J.: As enunciated by one. As enunciated by one. As enun- 
ciated by one. As enunciated by one. 

Mr. S.: As something by one. 

Mr. J.: Of the characters of the play. Of the characters of the 
play. Of the characters of the play. 

Mr. S.: As the characters are performed. Wait a minute. This 
diaphragm has got moist. Lay it aside and put in a Blake trans- 
mitter. We are going to put in another transmitter. You keep 
that same receiver in. 


Blake transmitter—one cell; a single fluid cell. Mr. Jacques at 
the Blake; Mr. Storrow as before. - 


Mr. S.: Hallo! please listen. Are you ready. Say when 

2218 you are ready. Listen at the receiver. What we have got. 
A Blake transmitter on now. What? What? 
Mr. J.: Hallo, hallo, hallo, hallo, hallo, hallo, hallo. 
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Mr. S.: Go ahead. 

Mr. J.: Paris, Nov. 14, 1882. 

Mr. S.: Paris, Nov. 14, 1882. 

Mr. J.: The Parliament—the Parliament, commenting on the re- 
capture of the Cuban refugees. 

r. S.: He began to repeat it before you got through. The Par- 
liament something on the capture of the Cuban refugees ; lost the 
other word while I was speaking ; repeat. 

Mr. J.: The Parliament, commenting on the recapture of the 
Cuban * 2 
Mr. S.: The Parliament, commenting on the recapture of the 


Cuban i 
Mr. J.: By the Spanish authorities says. 
Mr. S.: By the Spanish authorities; give the next sentence. 
. J.: Says this abuse of power. 
.: Says this abuse of power. 
.: Will not conduce to restore. 
.: Will not conduce to restore. 


J.: The damaged prestige of Sefior Sagasta. 
t. 


. 8.: Repea 

J.: = damaged prestige of Senor Sagasta. 
. .: t. 

: The damaged prestige of Senor Sagasta. 
S.: The damaged something. 

.J.: The damaged prestige of Senor 

Mr. S.: They say the Blake transmitter is out of order here. 
Hallo! We will put it in order here. 

Mr. J.: The damaged prestige of Sefior Sagasta. The damaged 
— of Senor Sagasta. The damaged prestige of Senor Sagasta. 

e dam prestige of Sefior Sagusta. Is this cell enough on 
now? Is the battery right, and does it sound well? 

Mr. 8.: Speak louder. 

Mr. J.: Does this sound now? Do you hear it? Is it right now? 

Does it break? Does it scratch or jar? 
2219 Mr. S.: Hallo! hallo! Listen. 
Mr. J.: The damaged prestige of Seiior Sagasta. 

Mr. S.: Prestige of Senor Sagasta. 

Mr. J.: The Spanish prime minister. 

Mr. S.: Hallo! Are you ready? Go ahead. 

Mr. J.: The Spanish prime minister. 

Mr. S.: The Spanish prime minister. 

Mr. J.: In the ranks of the Liberals. 

Mr. S.: In the ranks of the Liberals. 

Mr. — — Do you want me to speak into the Blake? Do you 
want anything particular said? Do you want any dictation or any- 
thing of that kind? All right. 

Now I am speaking into the Blake transmitter, I should judge, 
about six inches away from the mouthpiece of the same. Do you 
understand what I saw without any difficulty at all? Has the 
transmitter a peculiarsound? It may have. I don’t know when it 
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from its general appearance that it is a very old transmitter, proba- 
bly made before we learned some of the tricks of the trade in mak- 
ing transmitters. Does it talk well? Hallo! Do you understand 
what I say now? I should suppose you would understand without 
any difficulty at all. Do you want any more? When you want me 
to stop, please tap on the key. Don’t play the same game on me 
that you did on Mr. Smith. Mr. Smith was requested to read into 
a transmitter until told to stop. The listener went away to his 
lunch, and was gone an hour and a half. When he returned Mr. 
Smith was yet reading. Such are the faithful. Do you understand 
what I say without any difficulty at all? Hallo! Can you under- 
stand what I say? I thought awhile ago that our building was on 
fire, because there was an alarm. 


End of experiments. 
2220 Mr. Yerrington’s Short-Hand Notes, Taken in Receiving-Room. 


Present: Mr. Smith, counsel for the Bell Company; L. Hill, 
counsel for the Peoples’ Company ; Prof. Cross and Mr. Benjamin. 


Metallic circuit, two wires, running from room 37 to room 44, on 
opposite sides of court-yard in rear of building. In the upper room 
(room 44), instrument No. 54, with four cells of Bunsen battery. In 
room 37, instrument No. 53. : 

Prof. Cross takes his seat at receiving instrument in room 37, and 
repeats the messages received : 

“Halloo! The sun is shining brightly outside.” “I see a stone 
building.” “There are many telegraph wires in view.” (I got it 
the first time, but was not certain about the “in view” until he re- 
peated it.) 

“The wires are fixed to glass insulators.” There are also many 
chimney pipes.” (The “also” I could not make out until the 
second time.) “The spire of 95 Milk street” (I think he said) “is 
half a mile away.” (The “spire” I did not get until the second 


time, to be certain of it.) Ane 


A —— takes the place of Prof. Cross at the instrument 
o. 53. 


Mr. Benjamin: He said something of which I think I can under- 
stand the word “ directly.” 

Prof. Cross (at tell-tale line): Please repeat that; Mr. Benjamin 
did not get it. I will listen. “The wind is directly west.” I un- 
derstood “the wind is directly west” the first time. Now Mr. Ben- 
jamin will listen again. 

Mr. Benjamin: “Eighteen hundred and eighty-two” I get. I 
don’t understand anything else. 

Mr. Smith: The circuit was not on at the commencement of the 
sentence. I had broken it. - 

Mr. Benjamin: I get the words “New York” and “eighteen 
hundred and eighty-two.” What came in between sounds as though 
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he was naming a month. I can’t say what month. The 
2221 sound was quite loud, but a good deal blurred. “Henry 

Ward Beecher.” Nothing else. That was repeated twice. 
Something like—sumebody “sails to-day.” “ Before Judge Harris,” 
repeated three times. In the supreme court circuit,” repeated three 
times; I got it the last time. “The action is for breach of ”—some- 
thing. I suppose “breach of contract.” It sounds like that. I don’t 
whether it is or not. 


(Prof. Cross takes the place of Mr. Benjamin.) 


Prof. Cross: “The barometer is highest in Utah,” and is lowest 
in the Lake region.” Something “last evening.” Ask him to 
repeat. 

Mr. Benjamin (at tell-tale line): “Something last evening.” Please 
repeat. 

rof. Cross: “At Marblehead last evening—Mrs. Martha Chap- 
man—as the result of a” something. 

Mr. Benjamin : “As the result of a”—. Please repeat. 

Prof. Cross: “As the result of an election wager—wheeled Mrs. 
Hannah Perry in a wheelbarrow—from her residence on Front 
street through State street to the square—around the town hall 
and return. The vehicle was tastefully decorated—with Chinese 
lanterns. Mrs.” something “Sweet carried alarge banner.” (“Rhoda, 
I thought.) 

Mr. Benjamin: Please repeat. Mr. Smith made a little noise then 
and he lost it. 

Prof Cross: “ With a picture of a fighting cock—and the in- 
scription, ‘thirteen thousand clean sweep.’ ” 


(Mr. Benjamin again takes Prof. Cross’ place.) 


Prof. Cross (at tell-tale line): Mr. Benjamin is listening. Now, 
please go ahead. 

Mr. Benjamin: Repeat that, please. I have lost it. (Message a 

rently repeated.) No, no. heard a noise, but it was utterly 
indistinguishable. “Argument is being made Trades’ Commission 
to-morrow ”—all the rest is lost. On the” and “insurance agent.” 
It is not so good as when I was here before. “ Entertained for all 
their company, or whether each company must buy” something 
“separately.” This system is of great importance to Alabama 
something. I get the words “of a”—nothing else. No, I do not 
get that at all. I bear the form of the words, but I do not get 
the words. 


2222 (Prof. Cross fakes Mr. Benjamin’s place.) 


Prof. Cross: Secretary Chandler was something this morn- 
ing.” Ask him to repeat again the intermediate words; I did not 
get them. It sounds a little indistinct, as if the membrane was 
slightly moist. ‘Secretary Chandler was crowded with visitors this 
morning.” (The s is hard to get.) 


These experiments occupied about three-quarters of an hour, there 
60-1047 
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being no alteration in the adjustment of the instrument from begin- 
9 to end. 

o. 55, a cone- receiver, without any base-board, was now substi- 
tuted — No. 53, a cone transmitter, without base, being put on in 
room 44. 


Prof. Cross: “This afternoon the delegate,” I thought he said. 
Ask him to repeat. 

Mr. Benjamin (at tell-tale line): Please repeat. 

Prof. Cross: “This afternoon the delegate of the New York” 
something “conference assembled in the First Baptist Church, 
Brooklyn.” (This is much louder than before.) “There was a fair 
attendance of laymen. The subject of discussion was something 
“and religion ” I thought he said “race and religion) “on the 
American continent.” 
ane Storrow (at the other end of tell-tale line): That is what he 

id say. 

Prof. Cross: “The conference will be continued to-morrow and 
Thursday, and a different topic will be considered each day.” Ports- 
mouth, England, November fourteen, eighteen hundred and eighty- 
two.” (I was not expecting anything when he said that, so that the 
“Portsmouth” may be wrong). “The steamer ‘Westphalia’ has 
been docked here. The captain of the ‘Westphalia’ says intelli- 
gence between his steamer and another steamer was caused ” (ask 
him to repeat that, as I was changing my hands just at that time) 
* by the latter improperly starboarding.’ 

r. Benjamin: Repeat the preceding sentence. 

Prof. Cross: The collision.” “He remained on the spot for two 

hours burning lights, but the other steamer disappeared.” 


Time of experiment, eight minutes. 

No. 51, gallows-frame instrument, with white membrane, substi- 
tuted for No. 55; No. 52, in room 44, with eight cells of bat- 
tery. 

2223 , Mr. Benjamin (at tell-tale line): He is hallooing away like 
un. | , 
Prof. Cross (at No. 51): Is*he now? 


Mr. Benjamin: Yes; I got his first halloo, but nothing else. 
Mr. Smith: I did not get anything. 


Mr. Benjamin (to Mr. Storrow, at other end of tell-tale line): There 


appears to be some trouble with the transmitter. I heard you on 
this line pretty clearly. Mr. Smith, on the testing line, did not, and 
Prof. Cross did not. We are all ready now. 

Prof. Cross: “ Halloo! Do you hear this?” That is fair. 

Mr. Benjamin: All ready; go ahead. 

Prof. Cross: Ask him to repeat. 

Mr. Benjamin: Please repeat; he did not get that. 

Prof. Cross: The dispatch ”—something or other—“ from Paris, 
the —something—“ were arrested—at Lyons—has been committed 
for”—something. “The preliminary (I would like to have that 
repeated ; I think it is “ investigation ” ; yes, it is) “ shows the resist- 
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ance of a — something — was a partial rising at various points.” 
Ask him to repeat; Mr. Smith moved. e 2 

Mr. Benjamin: Please repeat. 

Prof. Cross: The offer paved the way,” I thought. “There was 
a general outbreak.” In the election to-day ” (I got it the first time 
he repeated it) “for United States Senator for the short term—in the 
Senate—Mr. Barlow received twenty-nine votes and Mr. Hill four- 
teen.” (These were all heard the first — “In the House Mr. 
Barlow received seventy-nine votes and Mr. Hill ninety-one. There 
was no election.” 


(Mr. Benjamin takes Prof. Cross’s place at No. 51.) 


Mr. Benjamin: “ New York, November fourteen, eighteen hun- 
dred and — Pm There is great excitement here over the . 
organization—of the new board of aldermen—the republicans and 
independents.” (Tell him not to repeat unless I ask him to; I get 
it the first time.) The —something—“ members have thirteen, 
members and the democrats one.” “And the democrats” how 
many ? 

Mr. Storrow : “And the democrats twelve.” 
Mr. Benjamin: Mr. Smith did not understand that after the first 
time with the Bell receiver. “The latter, on the meeting of 
2224 the —“ the latter, on the meeting of the old board (please 
repeat; that noise blotted it out)—“ a candidate (no; I didn’t 
get it; it sounded like heated a candidate) who claimed to be 
elected.” 


(Prof. Cross adjusted the instrument, stating that he did so be- 
Able) had been thrown out of adjustment by putting it upon the 
table. 


Mr. Benjamin: I can hear with this instrument twice as well as I 
could with any other instrument which I have tried to-day. 
Prof. Cross: It is a good deal weaker than it was before. 


Time of experiment, sixteen minutes. 


Mr. Chauncey Smith: I was surprised at the ease with which you 
(Mr. Benjamin) heard through that instrument. I did not hear an 
better through the Bell receiver than you did, apparently, throug 
that. 


No. 49, gallows-frame instrument, substituted for No. 51; No. 50 
in room 44. 


Prof. Cross (at No. 49): “A” something “this occasion” “ a scene 
is occasioned,” that sounds like. 

Mr. Benjamin: Mr. Smith says that he heard very clearly through 
the telephone on the induction circuit. 

Prof. Cross: “Quite a sensation—occurred last night—in the 
Globe Theatre—during the performance.” (Ask him to repeat that. 
“The Tennyson’s” something, I thought he said. “Of Tennyson’s 
Mays” something—something “drama.” Tennyson's Mays” some- 
thing “ drama.” 
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Mr. Smith: Tell him to go ahead. I did not get it on the Bell 

telephone. 
r. Benjamin (at tell-tale line): “Of Tennyson’s new pastoral 

drama.” (To Mr. Storrow:) Better repeat everything. 

Prof. Cross: Once more. “The promise of May. Among those 
present was the Marquis of Kingsbury.” 

Mr. Smith: “Queensbury,” I think. 

Mr. Benjamin (to Mr. Storrow): Repeat. 

Prof. Cross: “Is an avowed free-thinker.” 

Mr. Benjamin (to Mr. Storrow): Please repeat. 

Prof. Cross: He rose excitedly on his feet—and loudly protested 

—against Tennyson’s representation.” 
2225 Mr. Smith: I guess there is something wrong about it, be- 
cause that last word was clipped right off in the middle. 

Prof. Cross (to Mr. Storrow): There is something wrong in your 
instrument. There is a jar in it. 
. Mr. Smith: The first part of that came out well, the last part 

interrupted. 

Mr. Benjamin: That is the way it sounded through the Bell in- 
strument. 

Mr. Smith: There is a rattle to it. 

Prof. Cross: I think the armature strikes against the coil. “Is 
the principle of free speech.” (Ask him to repeat). 

r. Benjamin (to Mr. Storrow): Pleas¢ repeat. 

Prof. Cross: I don’t understand, as being” something by one.” 
(Please repeat). “As the characters are performed,” I think. This 
is a very indistinct instrument. There is a great cavity. 


(A Blake transmitter was substituted for No. 50 in room 44.) 


Prof. Cross: “ November fourteen, eighteen hundred and eighty- 
two”—I don’t understand what he nar 

Mr. Benjamin (to Mr. Storrow): Repeat. 

Prof. Cross: “The Parliament” “commented on the ‘something’ 
of the Cuban refugees.” (I lost one word while Mr. Benjamin was 
speaking). The Parliament, commenting on the recapture of the 
Cuban refugees—by the Spanish authorities—says this abuse of 

wer—will not conduce to restore.” (Ask him to repeat that. 

ere is a name there I can’t make out. “The damaged” some- 
thing). 

Mr. Benjamin: You better tell him that the Blake transmitter is 
not in a good condition. Mr. Smith noticed the same difficulty in 
the Bell receiver. 

— Smith: The damaged prestige of Senor Segata,” were the 
words. 

Prof. Cross: The prestige of Seiior ta.” 

Mr. Smith: Do you — to — 

Prof. Cross: I heard scarcely anything. The Spanish prime 
minister in the ranks of the Liberals.” 


Time of experiment, twenty-two minutes. 
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2226 Complainants’ Exhibit Reis’ Article On Telephony by Means of 
the Galvanic Current.” 


(Complainants’ Record, page 1740.) 


Yearly report of the Physical Society at Frankfort-a-M., 1860-1, 
2 57, “ On telephony by means of the galvanic current, by Philip 


The extraordinary results in the field of telegraphy have proba- 
bly often raised the question if it might not be possible to transmit 
speech itself to a distance. Experiments made in this direction 
could not, however, produce any result at all satisfactory, because 
the vibrations of — media soon lose their intensities to such 
an extent that tliey are no longer appreciable by our senses. 

A reproduction of sounds at certain distances by means of a gal- 
vanic current has probably been thought of, but the practical solu- 
tion of this problem has certainly seemed the most doubtful to the 
very persons who, from their knowledge and appliances, were in the 
best condition to attack it. Toa person having only a superficial 
knowledge of physics the = presents far less difficulties, 
simply because the most of them are unperceived. About nine 
years ago I also (having an extraordinary enthusiasm for what was 
new — an insufficient knowledge of physics) had the boldness to 
attempt the solution, but was soon forced to desist because the 
very first experiment convinced me of the impossibility of its solu- 
tion. 

Later, after further study and experience, I came to see that my 
first experiment had been a very rough and by no means conclu- 
sive one. I did not, however, follow up this subject seriously, be- 
cause I did not feel myself equal to the difficulties in the way. 

Youthful impressions, however, are strong, and therefore not 
easily effaced. I could never get rid of the thought of that first ex- 
periment and its occasion, notwithstanding all that reason says to 
the contrary, and thus half unwillingly this project of my youth 
was reviewed in hours of leisure ; the difficulties and the means for 
overcoming them were weighed; but for the present, at least, no ex- 
periment was made. 

How, indeed, could a single instrument reproduce the combined 

effect of all the organs occupied in human speech? This was 
2227 always thecardinal question ; finally I got the notion of put- 
ting the question in another way— 

How does our ear appreciate the totality of vibration produced 
by the organs of speech all simultaneously active? Or, more gen- 
erally— 

How do we — the vibrations of several simultaneously 
sounding bodies 

To answer this question we must, in the first place, understand 
what must happen in order that we may — — a single tone. 

Without an ear any tone is — than a recurrent con- 
densation and rarefaction of some body repeated at least seven or 
eight times in a second. If this occurs in the same medium in 
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which we are, the membrane of the ear is at each condensation 
forced towards the middle ear, to be moved at the — — rare- 
faction in the opposite direction. These vibrations produce a syn- 
chronous raising and falling of the hammer upon the anvil (accord- 
ing to other authorities an approach or receding of the ear bone 

rticles), and a similar number of tremors in the fluid of the cochlea, 
in which the filaments of the auditory nerve are distributed. The 
greater the condensation of the conducting medium at any given 
moment the greater is the amplitude of vibration of the membrane 
and hammer, and consequently the more powerful the blow upon 
the anvil and the vibration of the nerves by means of the fluid. 

The office of our organs of hearing is, therefore, to transmit with 
certainty up tothe auditory nerve every condensation and rarefac- 
tion occurring in the surrounding medium. But the office of the 
auditory nerve is to bring to our consciousness the vibrations of 
matter which have occurred in agiven time, both as regards num- 
ber and amplitude. Here, for the first time, certain combinations 
receive a name; here, certain vibrations are sounds or noises. 

What our auditory nerve perceives is, then, simply the action of 
a force coming within the range of consciousness; and this force 
can be represented both as to duration and magnitude by a curve, 
graphically. 

Let a 6 represent any given time and the curve above the line 
condensation (), the curve below the line rarefaction (—); then any 

ordinate raised from the endof any abscissa will represent the 
2228 degree of condensation at the time represented by its base, in 
consequence of which the drum of the ear vibrates. 


i — 
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Our ear can, under no circumstances, appreciate more than can be 
represented by these curves; and this, indeed, is entirely sufficient 
to give us a clear perception of any sound or any combination of 
sounds. 

If several sounds are produced at the same time the conducting 
medium is subjected to the influence of several simultaneous forces, 
and the two following laws will hold good: If the forces act in the 
same direction the amplitude is proportional to the sum of the forces ; 
if the forces act in opposite directions the amplitudes are proportional 
to the differences of the opposing forces. , 

If, for example, in the case of three sounds, we draw the curve of 
condensation of each separately by a summation of the ordinates of 
corresponding abscissas, we can determine new ordinates and develop 
a new curve, which might be called the combination curve. This 
represents exactly what our ear perceives of the three simultaneous 
sounds. The fact that the musician can distinguish the three 
sounds need not surprise us any more than the fact that any one 
acquainted with the theory of colors can in green discover blue and 
yellow ; but the combination curves in Plate I show that this diffi- 
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culty is a slight one, for in these curves all the relations of the com- 
ponents successively recur. In the case of chords of more than three 
notes the relations are not so readily seen from the drawing, Plate 
II, for example. In the case of such chords, however, the skilled 
musician also finds difficulty in recognizing the separate notes. 

Plate III illustrates discord. Why discords impress us unpleas- 
autly I will leave my readers to judge at this time, though I may 
perhaps return to the subject subsequently in another paper. 

From the preceding it follows— 

First. Every sound and every combination of sounds, on 
2229 striking our ear, causes vibrations of the drum of the ear that 
may be represented by a curve. 

Second. The course of these vibrations simply gives us a concep- 
tion (appreciation) of the sound, and every alteration changes the 
conception (appreciation). 

As soon, then, as it is possible to produce, anywhere and in any 
manner, vibrations whose curves shall be the same as those of any 
sounds or combination of sounds we shall receive the same impres- 
sion as that sound or combination of sounds would have produced. 

With the above principles as a foundation, I have succeeded in 
constructing an apparatus with which I am enabled to reproduce the 
sounds of various instruments and even, to a certain extent, the human 
voice. It is very simple, and by means of the figure will be easily 
understood from the following explanation : 


In the cubical block of wood r s ¢ u v w z there is a conical perfo- 
ration, a, closed at one end by a membrane, 6 (pig’s intestine), upon 
the middle of which there is cemented a conducting strip of p ati- 
num ; this is connected with the binding screw p. From the bind- 
ing screw n another thin strip of metal extends until over the middle 
of the membrane, and ends — in a platinum wire placed at right 


les to its length and surface. 
= the — 2 screw pa conducting wire runs through the 


battery to a distant station, being connected with a coil of silk-covered 
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copper wire, and this again is connected with a conductor leading 
back to the binding screw n. 
2230 The coil at the distant station is about six inches long, is 
com of six layers of fine wire, and, as a core in its centre, 
has a knitting-needle which projects about two inches at both ends. 
By means of the projecting ends the coil rests _— two bridges of 
a resonant case. (All this part can of course be replaced by any 
other apparatus by means of which the well-known “galvanic 
sound ” can be r 

If, now, sounds or sound combinations are produced in the neigh- 
borhood of the block, so that sufficiently powerful waves reach the 
opening a, then these sounds cause the membrane ö to vibrate. At 
the first condensation the hammer-like wire d is pushed back ; at 
the rarefaction it cannot follow the retreating membrane, and the 
current traversing the strip is broken until the membrane, forced 
by a new condensation, again presses the strip (proceeding from p) 
against d. In this way each sound wave causes a breaking and 
closing of the circuit. 

At each closing of the circuit the atoms of the iron wire in the 
distant spiral are moved away from each other (Pouillet Müller, 
page 304, Vol. II, fifth edition); on breaking the circuit these atoms 
seek to regain their position of equilibrium. When this happens, in 
consequence of the reciprocal actions of elasticity and inertia, a 
number of vibrations are produced, and they give the longitudinal 
sound of the rod (see as above). This is the case if the breakings 
and closings of the circuit occur with comparative slowness. If they 
occur more rapidly than the oscillations of the iron core, due to its 
elasticity, the atoms cannot complete their circuits. The paths de- 
scribed — shorter in proportion as the interruptions are more 
ge oars but they are just as numerous as these. 

he iron wire no longer gives its longitudinal sound, but a sound 
whose pitch corresponds to the number of interruptions (in a given 
lime); this is equivalent to saying the wire reproduces the sound 
conveyed to the interrupter. The intensity also of this sound is 
proportional to that of the original one, for, in proportion as this is 
more intense, the motions of the membrane are greater ; the motions 
of the hammer also, and, finally, the time during which the circuit 
is broken is greater, and consequently, to a certain extent, the mo- 
tions of the atoms in the reproducing wire are greater, we 
2231 perceiving them as greater vibrations in just the same way as 
we would have perceived the original sound wave. 

As the length of the conducting wire can undoubtedly be made 
= great as in direct telegraphy, I — called my instrument “ tele- 
phone. 

Now, in reference to the capabilities of the telephone it may be 
stated that I was enabled to render audible to the members of a 
large assembly (The Physical Society at Frankfort-a-M.) melodies 
which were sung not very loud into the apparatus in another house 
three hundred feet away, with closed doors. 

Other experiments showed that the sounding wire was capable of 
reproducing complete chords of three notes of a piano, upon which 
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the 1 was placed, and that it reproduces equally well the 
sound of other instruments—accordion, clarionet, horn, organ pipes, 
1 that the sounds are within the compass F 

course, in all experiments, sufficient precautions were taken 
to insure that there was no direct conduction of sound. This is 
very easily done by making a momentary short circuit immediately 
in front of the coil, by which means its action is temporarily inter- 


rupted. 

Hitherto it has not been possible to reproduce human speech with 
a distinctness sufficient for every one. The consonants are for the 
most part reproduced pretty distinctly, but the vowels as yet not in 
an equal degree. The cause of this I will attempt to explain. 

According to the experimentsof Willis, Helmholtz, and others vowel 
sounds can be produced artificially, if the vibrations of one body are 
— time to time augmented by tho:e of another, somewhat as fol- 
ows: 

An elastic wheel is set in vibration by the blow of a tooth on a 
toothed wheel; the first vibration is the greatest, and each subse- 
quent one is smaller than the preceding. 


— 


R 


If to vibrations of this kind (the spring not coming to rest in the 
n the blow of a new tooth is added, the following vibration 
will be again a maximum, and so on. 
2232 The pitch of a sound produced in this way depends upon 
the number of vibrations in a given time, but the character 
of the sound upon the number of intensifications in the same time. 
Two vowels having the same pitch would differ in about the way 
represented by the curves (Figs. 1, 2), while the same sound without 
any vowel character would be represented by the curve (Fig. 3). 


Oe OS 
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Our organs of speech probably produce the vowels in the same 
manner through the combined action of the upper and lower vocal 
cords or of these latter and the cavity of the mouth. 

My apparatus reproduces the number of vibrations, but with an 
intensity much less than that of the orignal ones; but still, as I 
have reason 4 2 to a certain degree proportional among them- 
70—1 
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selves. But, in the case of these generally sinall vibrations, the dif- 
ference between large and small vibrations is more difficult to per- 
ceive than in the case of the origina! waves, and the vowel is there- 
fore more or less indistinct. 

Whether or not my views as to the curves co nd to sound 
combinations are correct could, perhaps, be decided by means of 
= new phonautograph of Duhamel (“ Vierordt Physiology,” page 


It may be that for the practical 1 of the telephone much 
remains to be done; for physics it has already sufficient interest 
from the fact that it opens a new field for research. 

Friedrichsdorf, near Frankfort-a-M., December, 1861. 


(Here follows diagram marked p. 2233.) 


2284 Adjourned to meet at the office of Park Benjamin, Eeq., 
No. 234 Broadway, New York city, New York, at 10.30 a. m., 
on Saturday, March 4, 1882. , 


March 4, 1882, 11 a. m., examination resumed pursuant to ad- 
journment. : 


Present: Mr. Storrow, for complainants, and Mr. Hill, for respond- 
ents. 


Park BENJAMIN, being produced, sworn, and examined, saith: 
Examined by Mr. Hitt: 


Q. 1. State your age, residence, and occupation. | 
Ans. Age, thirty-three; residence, New York city; occupation, 
mechanical engineer. 7 ; 
Q. 2. What opportunities have you had for becoming acquainted 
with mechanical science and the mechanical arts, ineluding elec- 
tricity and its practical application in the arts, and more particularly 
referring to the electric speaking telephone, and various discoveries, 
inventions, and publications having relation thereto? 

2235 Ans. I am a graduate of the United States Naval Academy, 
and have devoted myself to the study of mechanical science 
and e neering, as a profession, for upwards of twelve years last 
1 was for six — associate editor of the Scientific — 
ween 1872 and 1878, and I am the editor of Appleton’s Encyclo- 
— of Applied Mechanics. For more than three years last past I 
ve 8 as a mechanical engineer and solicitor of patents, 
have repeatedly been called to testify as an expert in patent 
causes in United States courts in this and other circuits. I have 
been familiar with the principles of electrical science during my 
ngewe life, and more especially with electric telephones, from 
870. During this interval I have kept myself posted on the prog- 
rees of invention in telephones, so far as the. same has been — 
public, and I consider myself reasonably familiar with the princi- 

ples on which the apparatus is based and with its various forms. 
Q. 3. When did you first hear of the term “telephone,” and in 


COMPLAINANTS’ EXHIBIT FULL-SIZED PAC-SIMILB o 
FIG. 7 OF BELL'S APPLICATION DRAWINGS. 


(Complainants’ Recon. page 1724.) 
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Ans. As I have stated, I think in 1870. I was then editorially 
connected with the Manufacturer and Builder, a scientific 1 
still published in this city. In the issue of that journal of May, 
1869, appeared an illustrated article on the Reis telephone. From 
that article I first became acquainted with the name and the con- 
struction of the instrument described. Subsequentl „and I think 
in 1870, I saw a Reis telephone made or obtained by Dr. Vander- 
wyde, who was also connected with the Manufacturer and - Builder 
at the time, and from that instrument obtained a more practical 
knowledge of its construction and operation. 

Q. 4. What were your duties in connection with the Scientific 
American while you were editorially connected with that journal 
from 1872 to 1878, as you have testified? ) 

Ans. I was an associate editur, and was the * rsot regularly 
and continuously employed to perform editorial in the office 
of that journal, assisting the proprietors. I went from the Manu- 
facturer and Builder to the Scientific American, in July, 1872. 
There were, of course, outside contributors and proof-readers em- 
ployed. I wrote the majority, I think, of the leading editorials 
which ap in that paper during the period mentioned, and, 

with few exceptions, all the descriptions of new inventions 


2236 that were illustrated, besides performing ordinary editorial 


work in selecting, arranging, and rewriting matter. 

Q. 5. When employed as stated in your last answer what oppor- 
tunities did you have for learning of the production of new inven- 
tions and for making yourself familiar with them ? 

Ans. I sup my opportunities in that respect were exceptional; 
it was obviously my duty to become acquainted with whatever was new 
in science, so as to be prepared to — or discuss it in the paper. 
I was. constantly in receipt of early information from inventors 
and investigators as to their discoveries, this information being 
often personally given to me by the parties themselves. I had other 
sources of information, such as most editors have, in correspondents’ 
letters, exchange newspapers, &c. I was in the habit of reviewing 
the new scientific books and periodicals as they appeared and of pre- 
paring weekly large numbers of abstracts of newly issued patents for 
publication in the-Scientific American. 

6. What position did that journal occupy among the scientific 
periodicals of the country and what was its circulation during the 
time that you were connected with it? | 

Ans. I — it was generally then, and still is, regarded as the 
leading publication of its class in the United States; so far as I am 
informed, its circulation is far in excess of any other like periodical, 
either in this country or abroad; that circulation, when I joined the 
paper, I understood to be about thirty thousand copies weekly, and 
when I left it its circulation had risen to nearly fifty thousand; I de- 
rived this information from the statements of the proprietors. 

Q. 7. Apart from your connection with the Scientific American, 
state any other opportunities you may have had for acquiring 
knowledge of new ee and inventions? 


— 
: * — 5 ait 


2 


Rr 


877, and before I severed my connection with F 


WOR tite eee e ee Battin Mig al 
ny +, 1 ® Le ee ee 7 


OS pale: re ad. 
A eo a a 


ae , N 
n n * # 4 2 * “hod 48 5 } * 92 ' 
e ee hy n Mi n n om Beth hi on ae N 4 te LP Ars din n 1 ‘ 1 
* 2 ney . N N 5 Be: * ltl e 5 * Py “pe 188 1 7 

. ' RLS Oth Os: 2 ee 1 

n * 1 7 ä * 7 , 4 a din cree 1 . * * * a” * 

. . ‘ e 

* * 


Mr eae | Me ere 


N * a . my Bi ei ltd hu 
* A. il N * 4 he 9 * of ; 


2110 


the Scientific American, I was appointed the editor of Appleton’s 
Encyclopedia of Applied Mechanics, a work covering the field of 
mechanical engineering, and, to a considerable extent, that of ap- 
plied — the original idea was to revise —— old Diction- 
ary of hanics, originally published in 1850, so as to bring it up 
to the time; but ultimately, for many reasons, it was decided to 
make the work, almost entirely, over new, and give it a new title; 

on this task I was engaged for three years, and it perempto- 
2237 rily required of me to make careful studies into a great num- 

ber of scientific subjects and researches into the state of many 
arts; in this connection, in 1879, I reviewed all I could find pub- 
lished on the subject of the telephone and prepared therefrom an 
article upon that apparatus. 

Q. 8. After Reis’ telephone, what instrument or instruments did 
you next learn of relating to the same general subject of the trans- 
mission of sounds by electricity ? 

Ans. Gray’s telephone, and then, I think, La Cam’s—both musi- 
cal telephones. 

Q. 9. What did you understand to be the main objects sought in 
these instruments? 

Ans. Two; first, the transmission of music, by which I mean 
sounds corresponding in pitch with those emitted, with, for example, 
any musical instrument; and, second, what I ed as of much 
greater commercial advantage, harmonic multiple telegraphy, or the 
sending —2 a single conductor of many signals simultaneously 
in sounds of different pitch, which would affect, or be separated or 
disentangled, by reeds, for example, vibrating synchronously with 
the sounds of varying pitch transmitted, said reeds being located at 
the receiving station. It is, perhaps, proper for me to state here that 
the idea of transmitting the human voice by electricity was then 
well known to me, but I regarded the possibility of any apparatus 
in that direction to be closely limited to the transmission of the pitch 
of the voice, and to some extent its loudness, and not in anywise to 
include the transmission of its quality or articulation; in other 
words, in that connection the human vocal organs became simply a 
musical instrument, the sounds of which the telephone reproduced 
in its own icular voice. 

Q. 10. Then, if I understand you correctly, those harmonic musi- 
cal telegraphs, or musical telephones, were able to transmit or repro- 
duce vocal sounds or sounds made by the human vocal organs by 
reproducing the pitch, and to some extent the loudness, of the 
sounds, but were not able to reproduce the quality, and hence were 
not able successfully to transmit and reproduce articulate speech. 
Am I correct? 

Ans. Exactly. The differences in loudness, however, in the sounds 
transmitted and reproduced I do not think were much marked. The 

main thing transmitted by these instruments was pitch. 
2238 Q. 11. Will you please explain a little more particularly how 

the musical telephone was able to be employed as a multiple 
telegraph—that is to say, by what means two different transmitting 


instruments could be used with a single electric circuit, and two re- em 


ty 
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ceiving instruments in such a manner that one of the receiving in- 
struments would receive the message from one of the transmitting 
instruments, and the other receiver would receive the message from 
the other transmitter, without mixing — messages? 

Ans. I will illustrate this in the simplest way possible; first sup- 
pose three tuning-forks, A, B, and C, two, A and B, tuned to the 
same note, and the other, C. tuned to a different note; if the tuning- 
fork A be struck, and thus thrown into vibration, it will be found 
that the tuning-fork B, placed near it, will also be thrown into vibra- 
tion through the medium of the sound waves passing through the 
air, and that the sound due to this vibration of B will be heard 
after A is damped ; on the other hand it will be found that the fact 
of A being set in vibration had no audible effect u the different] 
tuned fork C; or, in other words, that two forks in unison will 
vibrate ther, and be set in vibration one by the other; whereas 
of two forks not in unison the reverse is true; extending thisa little 
further, suppose, say a half a dozen differently tuned forks, A, B, C, 
D, E, F. be arranged conveniently together, and suppose three 
sons should strike three other tuning-forks, respectively, in unison 
with A, B, and C of the series, then A, B, and C only would be 
thrown into vibration and would respond. 

Now suppose the three persons mentioned should strike their tun- 
ing-forks simultaneously and in a particular way—say, that each 
person should make the signals of a different telegraph message, in 
the Morse alphabet, by taps on his fork; clearly the result of all 
these taps sounding — would be a con jumble to the ear, 
but when the combined sounds reached the three tuning-forks, A, B, 
and C, they would be disentangled ; the tuning-fork Awould be en- 
tirely indifferent, audibly; to the vibrations affecting B and C, and 
would not reproduce them, but would pick out and respond only to 
those emanating from the fork in unison with it. 

A like result is true of forks B and C, and consequently three 
messages made simultaneously might thus be transmitted through 

the air, and analyzed at the receiving forks. 
2239 lt is easy now to apply this to multiple harmonic teleg- 
raphy, in which the vibrations are transmitted by the elec- 
tric current through a wire instead of by waves of condensation and 
rarefaction in the air. | 

The apparatus in perhaps its simplest form may be described as 
follows: A battery; a tuning-fork so arranged that one of its arms 
when vibrating will make and break the circuit in a wire leading 
from the battery; then a prolonogation of this wire, to form the 
line — the coiling of this wire around a core, to form an electro- 
— — then the connection of the wire to the other pole of the 


ttery. 

Over the pole of the electro- magnet is a reed of steel or iron so 
arranged as at its natural rate to vibrate synchronously and in uni- 
son with the tuning-fork. 

Now, when the tuning-fork is set in motion at e vibration it 
will make and break the current, so that the latter will traverse the 
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the electro-magnet, and this, by attracting and releasing the vibrat- 
ing reed in front of its pole, causes in the reed vibrations. syn- 
chronous with, and therefore of like pitch, to those emitted by the 
tuning fork. 

From what has been already explained it will be obvious that if 
another tuning-fork of different pitch be arranged in connection 
with the same line wire the vibrations transmitted by that fork will 
not affect the reed at the other end, but will affect a second reed of 
like pitch to itself if inserted in the circuit. This brings me to the 
conditions named in the question. ' 

If the two tuning-forks alluded to be sounded together, then the 
electrical impulses from each, moving at different rates at the same 
moment, will traverse the wire simultaneously, and these will be 
disentangled by each of the two reeds at the receiving end, vibrat- 
ing responsively under the impulse of the fork in unison with it; 
in this manner two messages are sent simultaneously over a single 
wire, and received by sound separately from different reeds. Of 
course, this principle, true for two messages, can be extended to a 
greater number. 


(Recess for lunch.) 


March 4th, 1882, 2.30 p. m.—Examination resumed pursuant to 
adjournment. : s 


2240 Present: Same counsel. 


Q. 12. When did you first learn of Alexander Graham Bell’s al- 
leged invention of the telephone ? 

Ans. To the best of my recollection, quite early in 1876; I think 
it must have been either soon after the issue of his patent of March 
7th, or possibly after the delivery of a lecture or paper by him be- 
fore the American Academy of Arts and Sciences of Boston I don't 
recollect paying much attention to the matter at the time, though I 
have quite a distinct impression that I then thought it was a har- 
monic telephonic device, belonging to the same general class as the 
apparatus referred to in my last answer. 

ter in the summer I heard more about it, and my impression 
is that I prepared the article on Bell’s contrivance which appeared 
in the Scientific American of September 9th, 1876, which article, I 
think, was the first that was published in that journal giving an in- 
telligent account of the device. 

Either shortly before or shortly after that date I was at the Cen- 
tennial Exhibition, and took occasion to look for Professor Bell’s 
telephone, which I heard was there, and failed to find it, although I 
think at the time I saw Gray’s harmonic telephone exhibited there, 
but not in operation. I first saw Bell’s telephone in the square-box 
form, about as shown in his patent of January, 1877, in March of 
that year, when one of the instruments was sent to the Scientific 
American office to have an engraving made from it; that engraving, 
with others relating to the subject, some of which were reproduced 
from the patent drawings attached to the patent of that date, was 
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ublished in the Scientific American of March 31st, 1877; and I be- 
ieve that I prepared the accompanying article. 
I first personally used and experimented with the Bell telephone, 
I of 1877, when two small hand instruments, in the 
ordinary well-known form, were sent to the Scientific American office 
for our examination, I believe; I took these to my residence and 
tried them on a short line. I might add that the first really definite 
information that I gained concerning the Bell telephone, apart from. 
the patent, I heard from Professor Bell himself in the lecture which 
he delivered in this city in the spring of 1877. 
Q. 13. In view of the statements you have now made, of your op- 
portunities of becoming familiar with the mechanic arts, and 
2241 of your knowledge of electricity and its associated arts, were 
you or were you not, in your opinion, sufficiently familiar 
with the general state of the art of transmitting sound by electricity 
in March, 1876, to have been able at that time to intelligently ap- 
preciate the relation of a telephone that would transmit articulate 
speech by electricity to other machines in the same general class that 
had been described in — and with which you were 
familiar, as you have testified ? 

Ans. Yes; I think I was; sufficientlyin part to have enabled me 
to do then, as I did afterwards, write about the subject intelligently 
for the information of the public. 

Q. 14. Have you made any detailed investigation into the state of 
the art since you were engaged some time in the fall of 1881 to tes- 
tify as an expert in this suit ? : 

Ans. No, sir. 

Q. 15. Have you read and do you understand the testimony given 
in this suit on the part of the complainants by their expert, Profes- 
sor Charles R. Cross? If ves, state whether you do or do not agree 
with that witness in such opinions as he there expresses relative to 
the theory of electric telephones capable of transmitting and re- 
ceiving articulate speech. 

Ans. I have read and I understand the testimony of Professor 
Cross, heretofore given in this suit, both in the complainant’s prima 
facie case and the affidavit made by him, which I find in the 

printed record of complainants moving papers for a preliminary in- 
junction; from his application of the theories he offers specifically 
to what he finds set forth in Bell’s patent of March 7th, 1876, I 
mainly dissent, for reasons to which I may take another opportunity 
to refer, as they are not now called for. 

I understand the question to confine me to the consideration of 
the general theories propounded by Professor Cross in their broad 
application to the telephonic apparatus; his statement of the theory 
of the production of sound and of the undulatory nature of the 
movement of the air particles, resulting in vibrations having the 
three characterists of loudness, pitch, and qualiiy, fairly and ably 
describe views which I think are accepted by all scientific men ; his 
explanation of the operation of the two magneto-telephones, one 

serving as a transmitter and the other as a receiver, namely, 
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movement of the air particles due to the production of sound 
by the voice, and vibrating in accordance therewith, causing elec- 
trical currents corresponding in frequency in character to be pro- 
duced in a closed circuit; and that these currents affect a magnet, 
which in turn influences the diaphragm of the receiver, causing it 
to vibrate so as to reproduce the original sound, expresses what I 
believe to be the correct theory, though it is not the only one that 
has been suggested to explain the phenomena observed, nor does it 
fully account for all of said phenomena. 

In this connection the molecular theory has been advanced, ac- 
counting for some of the results observed by supposed changes in 
the molecular arrangement of the magnets under the influence of 


the current. 
I fully agree with Professor Cross in such statements as he makes 


‘relative to the practical impossibility of articulate speech being 


transmitted by any telephonic system which relies upon a makin 
and breaking of the current in order to transmit the vibrations ; 
am aware that the fact has been frequently published that with 
Reis’ instrument, which is constructed on the make and break prin- 
ciple, and to which I have already referred, and with other analo- 

devices, certain sounds of the human voice have been trans- 
mitted ; but I am unable to discover that these sounds were other 
than merely fragmentary, depending solely for their existence upon 
the momentarily continued contact of the diaphragm and point, or 
their equivalent, and limited, I believe, chiefly to vowel sounds; I 
regard it as certain that under no circumstances can articulate vocal 
sounds be transmitted by such an arrangement except when con- 
tinuous contact between the contact-pieces exists; and, even then, I 
do not know that it has been definitely determined how, exactly, to 
—— these pieces for the purpose—in the Reis instrument, for ex- 
ample. : 

L understood as early as 1870 the inability of the Reis instrument 
to transmit articulate speech, and I have never since heard that it 
has come into use for the transmission of articulate speech; that it 
has, or is, practically been made capable of doing so; I am satisfied, 
therefore, that the use of the undulatory current is essential to the 
transmission of articulate speech: and, conversely, I fully agree with 

Professor Cross in the opinion substantially expressed by 
2243 him, namely, that any electric telephonic device which does 

actually transmit articulate speech must operate, and operate 
only, through the medium of the unbroken undulatory current, so 
that, to illustrate, if I was shown an instruntent connected with an 
electric circuit. wire, even if I were wholly ignorant of the internal 
construction of that instrument, if I heard speech through it I 
should be convinced, first, that that instrument was not operated by 
a make or break current; and, second, that it was operated by a 
current unbroken and undulatory. This is my own conclusion, and 
it seems to me also a necessary one, from the opinions and reasons 
given by Professor Cross; I also agree with Professor Cross in so 
much of his explanation of the — of operating telephones 


in general by vibrations in the eleetro-motivè force of the current; 
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and, as to how vibrations may be caused in the current by the con- 
verse method of changing the resistance of a suitable medium, 
through which the current is conducted, his theories on these points 


Aare, in the abstract, I believe, correct. 


The foregoing, I think, covers all that I am asked in the question. 

Q. 16. Please look at the patent of Alexander Graham Bell, dated 
March 7th, 1876, No. 174,465, and more particularly at the claims 
thereof, and state what you find set forth therein. You may refer, 
if you please, to the opinions expressed by Professor Cross, in his 
testimony heretofore given in this suit, in relation to said patent, 
and also, if you please, to any general knowledge which you may 
have had on the subject of electric telegraphs or elecfric es 
at and beſore the date of said patent? 

Ans. I have already referred to the theories advanced by Professor 
Cross regarding telephones in general mainly to agree with him: 
but in a previous answer I stated that I dissented from his applica- 
tion of his theories to the device set forth in Bell’s patent of March 
7th, 1876; in answering the present question I am necessarily led to 
give my reasons for my dissenting views. 

If I understand Professor Cross correctly, he asserts that he finds 
set forth in the patent above named the method, principle, and mode 
of operation of the main forms of speaking telephones made since its 
date; this statement appears on page 40 of his affidavit in complain- 
ants’ moving papers for a preliminary injunction, and he goes on to 

say as follows: “So fur as I am aware, these various modifi- 
2244 cations have been introduced in order to increase the partial 

efficiency of the method so described by Mr. Bell, and every 
change has been simply an endeavor to effect an improvement in 
the practical application of the new art set forth in said specifica- 
tion ; the new method which he described in said specification and 
— in the fifth claim thereof underlies them all and includes 
them all.” 

I trust I shall not be considered Ls invading the region of argu- 
ment if I say that it seems to me, in view of the foregoing quotation, 
that if exactness and certainty are anywhere requisite, it is in a 
patent wherein the inventor undertakes to instruct people in an 
alleged great and original conception; for certainly if an art is 
wholly new not much can be left to be supplied by readers skilled 
in it, for logically there are none such. : 

If Mr. Bell, as Professor Cross seeks to explain, did, in this patent, 
bridge the gulf between the old harmonic telephone and the more 
modern speaking telephone, then it seems to me that that fact should 
appear to the student, or at least I should expect to find it not merely 
from inference, but clearly and unambiguously described and em- 
bodied in an operative contrivance; Professor Cross, in his pri 
facie testimony, refers mainly to the fifth claim of the patent ; i have 
been questioned as to the whole patent, which I have read and under- 
stand. The first claim recites “a system of telegraphy in which the 
receiver is set in vibration by the employment of undulatory cur- 
rents 2 substantially as set forth.“ 
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Adjourned until 10.30 a. m., on Tuesday, March 7th, 1882. 


Tuesday, March 7th, 1882, 10.45 a. m., examination resumed pur- 
suant to adjournment. 

Present: Mr. Storrow, for complainants, and Mr. Hill and Mr. 
Jacobs, for respondents. 


Examination of Mr. Park BensaMin by Mr. HII L. continued: 


(Answer resumed.) 


Broadly regarded, I understand that any system of electric teleg- 
raphy involves a device for transmitting signals, the conductor 
through which they , a device for receiving them, and a source 
of electricity; I understand the particular system recited in the 
claim to be one in which the receiver is set in vibration by undula- 

tory currents of electricity ; that is, in contrast with a system 
2245 in which the receiver is set in vibration by intermittent, or 

“ make-and-break,” currents of electricity; I understand the 
word receiver here to mean any form of receiving device capable of 
being operated in a vibratory manner by said undulatory current; 
I do not understand that in this claim the inventor limits himself 
to any particular manner of vibration of the receiver, and hence 
should regard it as immaterial whether the receiver be, for example, 
a galvanometer, indicating the signal sent by the vibration of its 
needle, or a reed vibration in front of the pole of an electro-magnet, 
or a lever caused to vibrate by the influence of an electro-magnet, 
and thus caused to give sound signals by striking a bell or to oper- 
ate suitable recording mechanism; all of these devices are means 
for receiving signals in a system of telegraphy ; all vibrate and all 
are capable of being worked by an undulatory current. 

Professor Bell states in his specification as follows: It has long 
been known that when a permanent magnet is caused to approac 
the pole of an electro-magnet a current of electricity is induced in 
the coils of the latter, and that when it is made to recede a current 
of opposite polarity to the first appears upon the wire, when, there- 
fore, a permanent magnet is caused to vibrate in front of the pole of 
an electro-magnet the undulations of which correspond in rapidity 
of succession to the vibrations of the magnet in polarity to the 
— of its motion and in intensity to the amplitude of its vibra- 
ion.“ 

This being the case, about as simple a way as can be suggested of 
a the induced current in the coil of the electro-magnet is 
to place a galvanometer in the circuit therewith ; then, I think, there 
will be present all the elements set forth in the first claim, as the 
undulatory current will be produced as stated, and such could be 
done so that it would cause the galvanometer needle to vibrate, to 
make signals in some particular way ; and hence said galvanome- 
ter would be, as alrea inted out, a receiver set in vibration by 
the employment of undulatory currents of electricity. 

I think the fact will hardly be disputed that 3 systems 
using the magneto-electric undulatory current were known and 
operated long before the days of Bell’s invention, and were, in fact, 
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among the first forms of telegraphing used; to this class, for exam- 
ple, belong the old Wheatstone, A B C system, in which the current 
was generated by the revolution of an armature before the 
2246 poles of a magnet, and the current thus obtained was trans- 
mitted through coils of wire surrounding said poles, and 


thence to an indicator or dial whereon the Gana’ were shown ; here 


the currents were produced without at all 
of the circuit, which, in fact, was never broken. 
description I will refer, for examble, to a work entitled Telegraphy, 
by W. H. Preece and J. Sivewright, bearing date “ New York, 1876,” 
76, for a simple explanation of this system; and also to Dr. 
bull’s lectures on the telegraph, published in the “ Journal of 
the Franklin Institute” for 1851 dnd 1852, volumes 21, 22, and 23, 
for descriptions of many early forms of telegraph, in which undula- 
tory currents and cl circuits were employed. 
am also aware of a publication of a system of telegraphy in which 
the undulatory current is — in a closed circuit, which ap- 
peared in the Telegraphic and Electrical Review, a London, England, 


gy continuity 
ithout further 


. periodical, volume 1, dated November, 1872, November, 1873. This 


reference was brought to my notice since the beginning of this suit, 
and a certified copy of the article and accompanying illustrations I 
now produce. 


(Mr. Hill offers the paper produced by the witness in evidence, 
and the same is marked “ Exhibit Wheatstone Undulatory Current 


Telegraph.”) 


(Mr. Storrow objects to the name used to designate this exhibit as 
a misnomer and misdescription of it.) 


I find described an apparatus whereby a machine is caused to tele- 
graph to a distance automatically its periodical motions. It is stated 
that as far back as 1840 Sir C. Wheatstone invented an instrument 
for this purpose, involving the use of voltaic electricity. The article 
then goes on to point out sundry disadvantages of the voltaic battery, 
and says that the difficulty “was subsequently overcome by the in- 
ventor employing —— currents, and the following is a 
description of a suitable apparatus for the generation of these cur- 
rents in which the current is never broken.” The description and 
drawings set forth an apparatus consisting of a permanent magnet, 
two coils of wire, with soft-iron cores and a soft-iron armature, dis- 
posed, as shown in figure 1, of the drawings. The armature is 
attached to a spring, which brings it up to the magnetic poles, 

and by a suitable mechanism, such, for example, as the eccen- 
2247 tric and pitman shown in figure 3; it is caused to approach 

and e from said poles, thus inducing alternating currents 
in the wire coils. These currents are cummunicated by a leadi 
wire to the register or indicator, shown in figure 2, where, it is 3 
they act by means of an electro-magnet upon a “step-by-step” motion, 
which, in turn, the pointers of the dials, so recording the 
revolutions of the wheel, for instance. 
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these automatic registers are employed to record the number of im- 
pressions produced by the various printing machines, and that said 
registers are placed in the office of the manager. and the generators 
are attached to the presses in the printing-room. By this arrange- 
ment, it is said, the number of impressions for a given time can 
recorded, and any delay in the working of the machines noted. 

In view of all the reasons above cited, I conclude that the first 
claim of Bell’s patent of March 7th, 1876, sets forth nothing but 
what was old and well known in the act at the date thereof, unless 
it be understood to relate and refer substantially to the same con- 
struction as is set forth in the fifth claim, and to this I shall more 
particularly make reference in another part of this answer. 

In the second claim I find set forth the combination of a perma- 
nent magnet, or other body capable of inductive action, with a closed 
circuit, so that the vibration of the one shall occasion electrical undu- 
lations in the other and in itself, and this under three conditions, 
namely—first, when the permanent magnet is set in vibration in the 
neighborhood of the conducting wire forming the circuit ; second, 
when the conducting wire is set in vibration in the neighborhood of 
the permanent magnet; and, third, when the conducting wire 
and permanent ws or both simultaneously are set in vibration in 
each other’s neighborhood. There is no specific mention in this 
claim, as in the * claim, of the application of what is there 
recited to a system of telegraphy. Regarding the claim broadly it 
merely recites a well-known and fundamental experiment in magneto- 
electric induction, dating, I think, from 1831, or thereabouts. This 
consisted simply in connecting a continuous coil of wire with a gal- 
vanometer, and inserting a permanent magnet in the hollow of the 
coil. By causing the magnet and the coil to alternately approach and 

withdraw from each other momentary induced currents flowing 
2248 alternately in opposite directions are produced in the line, 

and are received and shown in the galvanometer. This experi- 
ment and the laws which it demonstrates lie at the foundation of 
the construction of modern magneto-electric machines for mechani- 
cally producing an electric current. The references already given 
with regard to the first claim also substantially apply to this one for 
the same reasons, so far as they show the combination of the per- 
manent magnet and closed circuit, as set forth; hence, rding 
this claim, I reach the same conclusion as already noted with refer- 
ence to the first claim, namely, that.it describes no invention of Mr. 
Bell’s, unless it be unders as referring to the same construction 
as set forth in the fifth claim, hereafter to be referred to. 

The third claim recites a method of producing undulations in a 
continuous voltaic current by the vibration or motion of bodies capa- 
ble of inductive action, or by the vibration or motion of the con- 
ducting wire itself, in the neighborhood of such bodies; as a perma- 
nent magnet is a body capable of inductive action, and isso referred 
to in the preceding claim, this third claim substantially recites the 
addition of a voltaic current to the circuit in which magneto-electric 
currents circulate; it, therefore, takes a subsidiary part, so far as the 
production of undulations in the current is concerned; when, how- 
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ever, permanent magnets are not used, then the voltaic current ma 
energize the electro-magnets, or maintain a current ing throug 
the circuit, in which undulations may be produced by the vibration 


of bodies capable of inductive action or of the wire near such bodies; 
this, broadly regarded, amounts simply to the statement of a well- 


known result founded on many experiments, and described mainly 
by Faraday, on which he founded many of the laws of galvanic in- 
duction ; without going into further detail, it will suffice me-to say 
that I regard this claim very much in the same light that I do the 
others referred to, and that is, that it cannot, in view of the state of 
the art, be given the broad signification which might otherwise be 
attached to its language, but must be taken, as in the case of the 
2 preceding claims, with reference to what is recited in the fifth 
claim. 

With regard to the three claims thus far considered, and the speci- 
fications relating to them, while I do find set forth therein a tele- 

graphic system operating by undulatory currents, I find 
2249 nothing specitically denoting that the signals in this system 

are to be received by sound, tu the exclusion of other means 
of receiving the signal; it is true that the specification describes a 
system in which sound is the medium through which the m 
are read; but I do not understand that the inventor confines him- 
self thereto, nor can I conclude otherwise than that, in the three 
claims mentioned, signals sent by an undulatory current, and made 
e to the eye, say, by the movement of a needle, are in- 
cluded in the language used; if, therefore, signals received by sound 
are not to be regarded as specifically referred in the three first claims, 
it certainly seems to me that signals to be received in a particular 
variety of sounds, namely, articulate speech, are still further from 
being specifically set forth therein. 

In the fourth claim I find recited two processes for producing un- 
dulations in a continuous voltaic circuit—first, by ually increas- 
ing or diminishing the resistance of the circuit, or, second, by grad- 
ually increasing or diminishing the power of the battery. 

Professor Cross says that it was well known before Mr. Bell’s 

tent that the strength of a current could be varied either by vary- 
ing the electro-motive force or by varying the resistance; conse- 
quently, in consulting the specification to find out what Professor 

ll’s process is for producing undulations in his circuit by varying 
the resistance, I naturally look for some particular way of doing this, 
because the fact that it could be done, gradually or otherwise, was 
already, admittedly, well known; ail I find on this subject is the 
following: “The internal resistance of a battery is diminished by 
bringing the voltaic elements nearer together, and increased by 
placing them further apart. The reciprocal vibration of the ele- 
ments of the battery, therefore, occasions an undulatory action of the 
voltaic current. The external resistance may also be varied. For 
instance, let mercury or some other liquid form part of a voltaic 
circuit; then the more deeply the conducting wire is immersed in 
the mercury or other liquid the less resistance does the liquid offer 


to the passage of the current; hence the vibration of the conducting 


* 1 
(OR Ret * 5 
2 2198 1 


4 yees eren ete 


er ae 


2120 


wire in mercury or other liquid included in the circuit occasions 
undulation in the current.” 

There certainly was nothing new, at the date of Mr. Bell’s patent, 
in altering the internal resistance of a cell by moving the plates 
farther apart or nearer together, and so changing the thickness, and 

hence the resistance of the column of liquid between them ; 
2250 this knowledge I take to be about as old as the invention of 

the galvanic battery itself; consequently I conclude that 
Professor Bell’s invention, if he has made any in the matter, must 
lie in the means for gradually moving the elements; but he doesn’t 
describe any means, either generally or in detail; gives no drawing 
illustrating the same, nor, in fact, so far as I can see, imparts any 
information on the subject other than that, as a result of so moving 
the elements in a battery — undulatory currents may be 
produced; from which information I fail to conceive how anybody 
could make an operative contrivance. In referring to varying the 
external resistance he is a little more specific, but he tells nothing 
as to how his apparatus is to be arranged, gives no drawing of it, 
nor, in fact, presents such information as I should consider necessary 
to produce an operative machine. 

The reference in the second part of the claim to increasing or di- 
minishing the “ power ” of the battery is rather vague from the un- 
defined use of the word “ power,” which, however, I infer here stands 
for strength of current. In this connection the specification says: 
“The vertical vibrations of the elements of a battery in the liquid in 
which they are immersed produces an undulatory action in the cur- 
rent by alternately increasing and diminishing the power of the bat- 
tery.” It was well known long before the date of Mr. Bell’s patent 
that if you lift the elements of a cell out of the solution altogether 
you stop its working, and that the deeper you lower the plates, for 
instance, in the liquid the greater the working area of the plate, and 
hence the greater the strength of the current; ar ents for 
raising and lowering plates in a battery appear in the old Hale Cal- 
orimotor, which is published in Appleton’s Dictionary of Mechanics 
of 1851, volume 1, page 433. Consequently I conclude again that 
if Professor Bell has invented anything in this connection it should 
— in means for gradually raising and lowering the elements 
of the battery so as to produce undulatory currents; but I find no 
such means described in the patent: no drawings of anything of 
the sort; and all the information on the subject which is given ap- 
—— to be summed up in the sentence quoted, from which, it is 

— 4 necessary to point out, an operative device could not be 
made. 
‘Consequently in the fourth claim, duly considered with the speci- 
fication, I do not find such information as will enable any one 
2251 skilled in the art to construct the apparatus referred to, or 
any information regarding any principle or general discovery 
which, so far as I am aware, was not already known. 


(Recess for lunch until 2.20 p. m.) 
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March 7th, 1882—2:20 p. m., examination resumed pursuant to 
adjournment. 


Present: Same counsel. 


(Mr. BENJAMIN continues:) I am aware that Professor Cross, in 
his — in complainant's prima facie case in this suit, dwells 
upon the fifth claim of the patent, which appears to be the one put 
in issue by the complainants, and leaves out particular reference to 
the four claims which I have thus far discussed. With the subject- 
matter which he finds set forth in this claim and the specification 
he compares the Klemm transmitter and the Tisdel receiver, which 
apparatus, he says, “ contains a transmitter which, from its construc- 
tion; is adapted to produce electrical undulations, as described, and 
a receiver, which is adapted to translate these electrical undulations 
into vibrations of the air.“ In examining his testimony in compari- 
son with the patent, I have been at a loss to understand why he 
limits himself, or was limited, to the consideration of this fifth claim 
only; because, according to his own reasoning, if the apparatus con- 
tains what he finds in it, apparently it includes the elements set forth 
in the other claims. I mention this merely as a circumstance affect- 
ing my mind, in — — of the view I have taken rding the 
first three claims of the patent that is, that they are either unjusti- 
fiably broad, in view of the state of the art, or else must be under- 
stood as setting forth no more than is found in the fifth claim. I 

ro now to examine this fifth claim and specification in detail. 

It is the only claim in which the transmission of sound is men- 
tioned ; and it specifically says “ vocal or other sounds.” A vocal 
sound is not necessarily speech; so that if it be assumed that the 
term is meant to include articulate speech, in view of the state of the 
art, which shows that some vocal sounds could be transmitted by the 
Reis telephone, for example, that fact I must gather from the speci- 
fication. In the specification and drawing I find described and il- 
lustrated a device consisting of an electro-magnet, A, having a coil 

only upon one of its legs, b ; a steel spring armature, e, clamped 
2252 by one extremity to the uncovered leg ö of the magnet, and 

its free end allowed to project above the pole of the covered 
leg; in voltaiccircuit with this instrument is placed a similar instru- 
ment, thecircuit being closed through the coils of the electro-magnets 
and a battery; one of these instruments, I understand, is used as a 
transmitter, the other one as a receiver, and when the armature of 
the transmitter is set in vibration, to produce its musical note, the 
specification says: “A powerful inductive action takes place, and 
electrical undulations traverse the circuit; -the vibratory current 
passing through the coils of the electro-magnet of the receiver sets 
the armature of that instrument in vibration when the armatures 
of the two instruments are in unison with each other; but the 
armature of the receiving instrument is not affected by the 
of an undulatory current when the pitches of the two instruments 
are different.” | 

Referring back now to the beginning of the specification, Professor 
Bell mentions a prior patent granted to him for u multiple harmonic 
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telegraph apparatus using a “make-and-break ” current, and con- 
structed and operating in substantially the same way as the typical 
instrument of that class, which I explained in a previous answer; 
further on in the specification he says that in for on amy. application 
for letters patent he describes two ways for producing an intermit- 
tent current, one by “make and break of contact, the other by alter- 
nately increasing and diminishing the intensity of the current with- 
out breaking circuit; this last current he calls a “ pulsatory current; 
then he says that his present invention consists in the employment 
of a vibratory or undulatory current of electricity, in contradistinc- 
tion to a merely intermittent or pulsatory current, and of a method 
of and apparatus for producing electrical undulations upon the line 
wire. Then he goes on to give a list of the advantages which he 
claims to derive from the use of the undulatory current, which are, 
first, that more signals can be transmitted simultaneously in the 
same circuit; second, that a closed circuit and single main battery 
may be used ; third, that communication in both directions may be 
established without the necessity of induction coils; fourth, that 
cable dispatches may be transmitted more rapidly than was hitherto 
possible; and, fifth, that, as the circuit is never broken, a spark 
arrester becomes unnecessary ; how he is enabled to transmit a large 
number of signals simultaneously is described in the specifica- 
2253 tion, and is shown in figure six of the drawing; he shows 
how a number of instruments, constructed as already ex- 
plained, may be placed upon a telegraphic circuit; points out how 
signals from one instrument of a given pitch will be repeated by all 
— instruments in the cireuit having armatures normally vibrat- 
ing in unison with it and by none others; and states that hence by 
these instruments two or more telegraphic signals or messages may 
be sent simultaneously over the same circuit without interfering with 
one another. So far there is described a system of multiple harmonic 
telegraphy, to which the undulatory current is applied. Mr. Bell 
now goes on to state that not only is the pitch of his musical notes 
transmitted, but also the loudness, and although he doesn’t indicate 
any particular advantage to be derived from this, still it is none the 
less true that in transmitting sounds in both pitch and loudness he 
accomplished something which could not be certainly done in any 
of the earlier forms of “make-and-break” telephones that I know 
of; I said in a previous answer that the Reis telephone, for example, 
transmitted loudness to a certain extent, but when it did this the 
effect, I think, was an accidental one, depending upon temporary 
contact of the contact pieces; and, although it can be explained by 
what has since been learned, I am not aware that it was at all ex- 
lained when the Reis invention was originally made public ; besides 
stating that his apparatus will transmit musical notes differing both 
in loudness and pitch, Mr. Bell explains in some detail the graphic 
method of representing an electrical undulation by curves, repre- 
sented in figure 4, which curves show pitch and loudness, the one 
by the length of the waves, the other by their heighth or depth. 
I desire to call attention to the fact now that Professor Bell no- 
where says that the curves which he represenis show anything but 


the curve to represent all the 
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pitch and loudness, nor does he intimate in any of the specifi- 
cation thus far referred to that his instrument is capable of transmitting 
any other characteristic of sound than these two; but Professor Cross 
has clearly pointed out, and I have agreed with him, that in order 
to transmit articulate speech it is absolutely necessary that-the in- 
struments should be capable of transmitting the third characteristic 
of sound, namely, quality, in addition to the other two character- 
istics of pitch and loudness; it is on this capability that, as Professor 
Cross shows, the very existence of the electric speaking 
2254 telephone may be regarded as depending; without this capa- 
bility no instrument can be an electric speaking telephone, 
because, admittedly, in the devising, no matter now by whom, of 
instruments which possess the power, it is that the great and origi- 
nal feature of the invention of the electric speaking telephone resided ; 
now I understand it to be substantially asserted by Professor Cross, 
on the part of the complainants, that all mankind was ignorant of 
the possibility of constructing such an instrument; that all invent- 
ors stood nonplussed before the problem until Professor Bell re- 
vealed its solution to the world in the patent now under considera- 
tion; hence the — and the importance of careful scrutin 
on my part of what is set forth in this patent, to find out how far, if 
at all, it gives this information; in this connection, therefore, I have 
deemed it proper to look at Mr. Bell’s testimony in this case; and 
more particularly to such statements as he makes regarding the 
knowledge he possessed of the theory of sound, prior to making ap- 
plication for this patent; with all the characteristics of sound he 
peared to be well familiar, and had indeed made a special study of 
the subject; he even made a “phonautograph” and uced 
thereby, as he says, sound tracings, somewhat, I understand, analog- 
ous to those represented by illustrations in Professor Cross’ testimony 
in this case, showing in themselves —_ all the three charac- 
teristics of articulate speech; hence | infer that he was familiar with 
the appearance of such graphic representations; knowing these facts, 
therefore, as to the extent of Professor Bell’s information, I am forced 
to conclude that, when he omitted mention of the possibility of the 
instrument described in his patent under consideration transmitting 
quality, he did so purposely and advisedly; from all I can gather 
from his testimony, and from his statements in his patent, he seems 
to have known what had been accomplished in the way of trans- 
mitting sound by electricity, and I cannot conceive of any one hav- 
ing such knowledge deliberately leaving out in a patent all ific 
reference to a capability of his instrument, whereby would have 
been effected, had it been present, such an enormous advance in the 
art, or even his leaving the same to be discovered by inference at a 
later day; in the list of advantages which I have quoted he makes 
no mention of this, which would have been immeasurably the great- 
| — n in his specification — — 
2255 A or B, figure 4, represents grapically the electrical undu 
tions induced in the circuit by the vibration of a body : 
of inductive action, and adds nothing to show that he doesn’t intend 
vibrationsi so faras he intended 
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them to be transmitted; and finally, as if to clinch the conclu- 
sion, that he left out reference to quality in this patent, the main 
portion of which is — up to the description of a multiple har- 
monic telephone, I find him specifically stating in his —— in 
answer to interrogatory 65, that it is of no advantage whatever for a 
system of multiple harmonic telegraphy to transmit quality as well 


as pitch of sound. 
Adjourned until March 8th, 1882, at 10.30 a. m. 


March 8th, 1882, 10.30 a. in., examination resumed pursuant 0 
adjournment. : 


Present: Same counsel. 


Examination of Mr. Park BENJAMIN by Mr. HILL. continued: 


(Answer resumed:) I have already referred to the fact that in 
his testimony, in complainants’ prima facie case in this suit, Professor 
Cross examines specifically only the fifth claim of Bell’s patent of 
March 7th, 1876, and, after explaining in some detail what he con- 
siders to bé the theory of the apparatus which he finds referred to 
in that claim, in his answers to the 11th and 12th interrogatories, 
he describes more icularly what he regards to be the apparatus 
itself, and its functions; and this apparatus he states he finds rep- 
resented in figure 7 of the drawings attached to Bell’s patent of 
March 7th, 1876; I was somewhat at a loss, at first, clearly to com- 
prehend why Professor Cross singled out this particular apparatus 
to the exclusion of the conclusions I have reached, and which I have 
expressed, concerning the subject-matter of the first three claims to 
what is recited in this fifth and last claim ; and in order to obtain, 
if possible, a clearer understanding of Professor Cross’ position in 
the matter I have referred back to the somewhat fuller statements 
which he makes in his affidavit used in complainants’ motion for a 
preliminary injunction in thissuit. There I find that Professor Cross 
gives his reasons for his specific reference to figure 7 very clearly 
and succinctly in the following words, which I quote from page 35 
of his affidavit, folio 46: “The instrument shown at A, figure 7, is a 
mechanical, but a most essential, modification of A, figure 5; both de- 

pend upon thesameelectrical principle, but by reason of the entire 

2256 change of structure shown in figure 7 it has become capable 
of transmitting vocal sounds of all kinds, including articulate 

h.“ I have italicized the words in the preceding quotation, 
because, taken altogether, I think this to be about the most impor- 
tant statement Professor Cross has made affecting this case. There 
seems to me to be but one meaning ible of the language he uses, 
and that is that when Professor Bell changed his contrivance from 
the form shown in figure 5 to the form shown in figure 7 he then 
solved the problem of transmitting articulate speech by electricity. 
-Both devices, as shown in figure 5 and figure 7, substantially, says 
Professor Cross, are alike in electrical principle, but in the apparatus 
shown in figure 7 ing new comes in the form of a “most 
essential modification” of the apparatus shown in figure 5, which 
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involves an “entire change of structure,” and through this modifi- 
cation the wonderful result of transmitting articulate speech by elec- 
tricity is made possible. It is hardly necessary now for me to dwell 
upon the importance of finding out, by comparison of the apparatus 
shown respectively in figure 5 and figure 7, what this modification is. 

I have already stated what I find in figure 5, namely, an electro- 
magnet having a coil on one leg and a steel-epring armature extend- 
ing over and vibrating in front of the pole of the electro-magnet; 
another instrument of the same construction, and a voltaic circuit 
connecting them through the coils; and, referring to figure 7, I find 
an electro-magnet having on one of its legs a coil, exactly as in fig- 
ure 5; an armature attached by one extremity to the uncovered leg, 
ip a manner substantially like that shown in figure 5, with the free 
end of the armature vibratirg in front of the pole of the electro- 
magnet, also as in figure 5. Connected with this instrument is a 
voltaic circuit, also as in figure 5; and in this circuit is another in- 
strument constructed in the manner already described, and agai 
also as in figure 5. The circuits shown in figures 5 and 7 are 
closed circuits through the coils, the first being closed entirel 
through wire, and the second being closed through the earth, whic 
is here an immaterial difference. The construction of the instru- 
ments is so far the same. They are arranged in a like circuit in the 
same way, and they are both capable of —— the same result. 
The difference shown in the method of attaching the armature to 

the uncovered leg of the magnet, in figure 5 by clamping and 
2257 in figure 7 by hinging, is immaterial, in view of the fact that 
'in the first case the magnet is shown standing upright and 
in the second turned on its side. So far, then, as I have described 
them, the two instruments shown in figures 5 and 7 are substan- 
tially and nearly identically the same; so that it will be obvious 
that the a us shown in figure 7 includes all that there is of the 
apparatus shown in figure 5 and something more, and that in this 
something more I must now necessarily look for the “ most essential 
modification” and “entire change of structure” which, ing to 
Professor Cross, gives to the apparatus the extraordinary capability 
which, by inference, he asserts the apparatus shown in figure 5 did 
not possess. 
Now, all that there is shown and described in figure 7 which is 
not shown and described in figure 5 are the cones A and L, with 
the membranes a and i stretched across their inner ends. The pat- 
ent says that the function of the cone A is to converge sound vibra- 
tions upon the membrane a, which vibrations are transmitted from 
that membrane to the armature C of the magnet. Similarly, the 
vibrations of the armature of the receiving magnet are transmitted 
to the membrane of the other cone L, which cone converges these 
vibrations into the ear applied to its small end. 

It is certainly clear that the cone and membrane here take no part 
— — —— — 
purpose, none 1s ‘ i 
upon the armature or ear-drum vibrations which re me | mi 
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rpose the use of a cover, or tube and membrane, was perfectly well 
wn long before the date of Mr. Bell’s patent. It is nature's con- 
trivance in the human ear, and it exi in the phonautograph 
which Mr. Bell made and describes. If the instrument was not capa- 
ble of transmitting articulate speech before the cone and membrane 
were added, it certainly could not do so by their aid. They would 
be of no more use than that of a tel to a blind man or an ear- 


trumpet toa person devoid of hearing. In fact, in the present connec- 


tion are nothing but an ear-trumpet, an instrument with which 
Professor Bell, professionally, was doubtless very well familiar. In 
fact, an inspection of the drawing, figure 7, leads to the assumption that 
he has merely taken an ear-trumpetand cut it in two; you make a sound 

into the large end of the trumpet, just as beſore, and the instru- 
2258 ment attached to that section of it transmits the sound through 

the wires to the other instrument attached to the other sec- 


tion, or small end of the ear-trumpet, which, as it always was, is ap- 


plied to the ear of the hearer; and this is all I can discover of the 
most “essential modification” and the “ entire change of structure,” 
which Professor Cross says renders the apparatus shown in figure 7 
capable of transmitting articulate s „whereas the apparatus 
shown in figure 5 was not. As a matter of fact I think there is no 
entire change of structure in any essential part of the contrivance, 
as shown in the two figures. The patent itself says that the instru- 
ment shown in figure 5 may be put to the use of the “telegraphic 


transmission of noises or sounds of any kind; and I think itis per- 


fectly obvious that if the armature is made as shown in figure 5 it 
will be caused to vibrate by sounds made near it, though in not so 
efficient a degree as when the sounds are concentrated upon it 
through the medium of the cone and membrane; but certainly I 
am unable to see any reason for the opinion expressed by Professor 
Cross, which, as I have shown, amounts to the assertion that the 


addition of the cone and membrane enables the instrument to trans- 


mit quality of sound, and hence articulate speech. 
(Recess for lunch until 2 p. m.) 


March 8th, 1882, 2 p. m., examination resumed pursuant to ad- 
journment. 
Present: Same counsel. 


Examination of Mr. Park BenJAmIn by Mr. H11t continued: 


(Answer resumed): In the present connection I shall only say, 
further, that if a cone and membrane, as shown in figure 7, is of the 
great importance that Professor Cross attaches to it Professor Bell 

't seem to have held a like opinion, for in his present form of 
r he doesn't use such a cone and membrane, nor 
in are the latter devices employed in any form of modern speak - 
ing telephone which I can now call to mind. 

Furthermore, there is no specific statement in the patent that the 
apparatus shown in figure 7 is capable of transmitting articulate 
speech any more than there is of the apparatus shown in figure 5. 
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What is said of figure 7 is that it shows a mode whereby motion can 
be imparted to the armature “by the human voice, or by means of a 
musical instrument.” As I huve already pointed out, sounds 
2259 produced by the human voice are not necessarily articulate 
speech at all, and therefore to construe the wo uoted as 


indicating the capability of the apparatus to transmit such speech 


is, at best, a mere matter of inference, which, for the reasons already 
given, I do not consider justifiable. ö 

Again reverting to Proſessor Bell's testimony, he says, in answer 
to the 10lst interrogatory, that he began preparing the specification 
for his patent in question as early as September, 1875, at least four 
months before he made application for his patent. In the answer to 
the 102d in tory he reads rough drafts of of his specifi- 
— and his 1 in Ort — and in — third claim, 
qu on page of his testimony, he recites: “ phono-tele- 
graph, whereby the — — loudness, and timbre of vocal or other 
sounds can be transmitted telegraphically,”&c. All of this shows to 
me, first, that Professor Bell took abundant time for consideration 
before applying for his patent, and even went so far as to frame a 
claim for an instrument capable of transmitting quality of speech 
as well as pitch and loudness, and hence — with all the char- 
acteristics of articulate speech; yet there is no such claim embodied 
in his patent as issued, and not a word in it about the possibility of 
the instruments described transmitting timbre ; all of which is fur- 
ther evidence to my mind of his intentional omission of any claim, 
or statement to that effect in the patent under consideration. 

There is now one more question ing what I find in this 
patent which addresses itself very forcibly to me for solution, and 
that is this: Apart from all other considerations, is there set forth in 
Bell’s patent of March 7th, 1876, a description of any tus, 
which, if constructed from that description by a person familar with 
what had been done towards transmitting sound by electricity at the 
date of Bell’s patent, would be an operative speaking telephone? 
The only w y irly to test this is to make the apparatus as set forth 
in figure 7 of the patent, to which, as I have said, Professor Cross 
specifically refers, and try the instrument in a voltaic circuit, as de- 
ecribed. is I have done, and the instrument I now produce. 

r. Hill puts the instrument in evidence as “ Defendant’s Exhibit 
1 Telephone, 1876 Patent.”) 


(Witness continues :) This instrument was made under my direction 
in the following manner :.I took an ordinary printed Patent 

2260 Office copy of the specifications and drawings to the Benton 
Manufacturing Company, a concern in this city chiefly en- 

in the manufacture of models and fine experimental ma- 
chinery ; I instructed the workman to make the apparatus shown 
in figure 7 of the drawings, from what was shown in that drawing 
and described in the ification. I cautioned him particularly, 
accurately, and carefully to follow the directions contained in the 
specification and drawing, and not in any way to allow bimself to 
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might have or obtain outside of what the patent set forth. I told 
him I wanted a fair reproduction from him of what was in figure 7 
of the patent, using his mechanical skill and departing from the 
exact dimensions of the drawing, figure 7, so far as was necessary, 
only to enlarge the device to adapt it for convenient practical use. 
It is proper to state here that I understood the printed Patent Office 
drawing in this case, as before stated, to be a photo-lithographic re- 
production of the original drawing filed in the Patent Office reduced 
in size. The instruments which I have produced are those given 10 
me by the Benton Manufacturing Company, in accordance with my 
order and instructions, as above detailed. I have carefully com- 
red them with what is set forth in specification and mg ore 
ll’s patent of March 7th, 1876, and I consider them to be a fair 
and substantially accurate embodiment of what is there shown in 
figure 7 and described. They are about four times as large in 

dimensions as the reduced photo-lithographs, figure 7, with the cor- . 
responding features of the instrements now produced, and I find 
them to closely correspond. On December 14th, 1881, I personally 
tested these instruments on a closed electric wire circuit, in the shop 
of Daniel Drawbaugh, at Eberly’s Mills, Pennsylvania. I went 

there because there were facilities there convenient for doing this 
work, and because I was then staying in Harrisburg expecting 
shortly to be called to testify in this case. The method and means 
used in the test were as follows: The circuit extended from a room 
in the upper story of the shop, first crosswise and then lengthwise 
of the building on that floor, and then down to a corner room to 
the floor beneath. The distance between the two points, measured 
along the wire, being probably some twenty feet. I satisfied myself 
that ordinary speech or even quite loud tones could not be heard 
2261 between the two rooms at the ends of the line. In the wire 
circuit was placed a battery consisting, I think, of a single 
Leclanché cell; for xe of comparison with these Bell tele- 
phones I used two Tisdel magneto-telephones, which I understood 
and believe to be constructed substantially as set forth in the Tisdel 


tent in evidence in this case; I didn’t make any comparison to 
etermine this fact, because all I needed was two working } 
speaking — py} Sa and I found that the two Tisdel in- | 
struments were such ; I began by personally attaching one of those 5 
Tisdel instruments at each end of the line; I then caused another * 
person to speak into one instrument while I listened at the other — 2 


instrument, and distinctly heard them ; then we changed places and 
I was spoken to, using the instrument to which I had previously lis- 
tened as a transmitter, and in this way I satisfied myself that both 
of the Tisdel instruments used were efficient as receivers and trans- 
mitters, articulate speech being clearly and distinctly heard through 
them by me; this also demonstrated that the circuit was perfect. 2 
— a person at the Tisdel intrument upstairs to talk 1 7 
went to the room below, at the other end of the line, took off the 
Tisdel instrument then and there affixed, and in its place attached — 
the Bell instrument; 1 the one shown on the right 
of figure 7 and ked L in the wing attached to Bell’s t, K 


* 
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using it thus as a receiving instrument, as substantially set forth · in 
Bell’s specification. On listening at this instrument I could hear no 
sound through: it at all; I satisfied myself that the sound was going 
on all the time upstairs by quickly taking off the Bell and putting 


on the Tisdel instrument several times without giving the er 


above any a of my intention to do so, and then from the Tisdel 
instrument I could hear speech coming clearly and distinctly, while 
on replacing the Bell device I could, as before, hear nothing ; this 
satisfied me that the Bell instrument was inoperative. Removing 
now the Bell receiving instrument from the line, I attached to the 
latter, at one end, the apparatus I had had made, in correspondence 
to the instrument shown at the left of figure 7, and marked A in the 
drawings attached to Bell’s patent of March 7th, 1876, and at the 
other end a Tisdel instrument; 1 now used the Bell instrument as a 
transmitter, substantially as set forth in Bell’s specification, and the 


. Tisdel instrument as a reteiver; I stationed myself at the receiving 


end of the line, causing another person to talk into the 
2262 Bell instrument, at the transmitting end, and listened at the 

Tisdel instrument; I could hear nothing, although I satisfied 
myself that speech was going on by stepping out of the small room 
in which the receiver was placed and going to the stairway near b 
where I could hear the voice of the speaker; this I did at interv 
without informing the speaker of my intention of so doing; I also 
attached the Bell instrument to the line myself and did it in a par- 
ticular way, twisting the connecting wires in such a way that I 
would know if they had been tampered with, and not telling any- 
body that I had done so; when I examined these connections, after 
the experiment, I found them as I had left them, showing to me, 
therefore, that the talking had been done into the Bell telephone 
and not into another instrument substituted in its place. 

This experiment proved to me, therefore, the inoperativeness of the 
Bell transmitter, as shown in Bell’s patent of March, 1876, and, of 
course, the conclusion from both experiments was that the Bell 
transmitter would not transmit speech through an operative receiver 
nor the Bell receiver receive speech through an operative transmit- 
ter; and this despite the fact that Professor Cross has substantially 
testified that the Tisdel instrument, which was the operative instru- 
ment I used, is an infringement upon Bell’s patent of 1876. 

It only remained now to connect the two Bell instruments to and 
at 2 ite ends of the circuit, as shown in figure 7 and as described 
in Bell’s specification ; this I did, and — person to talk 
into the transmitter and listened myself at the receiver, taking such 
precaution to assure myself that speech was going on, as already 
detailed; again I could hear —— sound of any kind reach- 
ing my ear through the receiver. is coiupleted my experiments 
on the Bell instruments, which I have produced, and thus finally 
demonstrated to me their inoperativeness for the pu of trans- 
mitting or receiving articulate speech by means of electricity: In 
conclusion, and for the reasons which T have endeavored to give 
fully, what I find set forth in the Bell patent is a harmonic 
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cam discover, the application of an undulatory current of — 4 

whereby the apparatus is enabled to transmit both pitch and loud- 

ness; thus regarded, I consider the invention an important one, and 

as accomplishing a material advance in the art as compared 

2263 with telephones before known, which could certainly trans- 

mit piten only; I do not find, for the reason stated, in Bell’s 

tent of h 7th, 1876, a speaking telephone, either directly or 

y inference from the language or from the drawings, and I 

have determined to my satisfaction, by actual test, that the specific 

— which the complainant has sought to prove is a ing 

ephone is wholly inoperative as such; as regards other forms of 

telephone, such as those depending upon variations of resistance for 

producing undulations in the current, I find no information in the 

ification or the drawing which would enable a person skilled in 

the art at the date of said patent to make an operative device of that 
kind. 

Q. 17. In defendants’ “Exhibit Bell Telephone, 1876 Patent,” as 
it appears here to-day on the table before us, the little metal studs 
that connect the hinged armatures to the centres of the diaphragms 
have become loose or disconnected from the diaphragms; how were 
they at the time of your described experiments? 

Ans. They were attached to the diaphragms by cement, some of 
which is still visible; I will state here that during the progress of 
~ manufacture of the instruments the workman asked me for informa- 
tion as to how to fasten those studs and diaphragms together; I told 
him he would have to get that out of the patent, whereupon he in- 
formed me that he couldn’t find it there; I instructed him, never- 
theless, to go on and do the best he could with the information he 
did find in the patent; and the result of it was his sending me the 
instruments with the studs shouldered upon the diaphragm and 
fastened thereto with cement; this attachment kept the parts to- 
— while I was experimenting, but they seem to have become 

oosened and separated through handling since I used the appa- 
ratus; they have been subjected to no rough usage to my knowl- 


edge. 

G. 18. Do- you know of any particular in which the instruments, 
as you used them, differed from the instruments shown in figure 7 
of the drawing of Bell’s patent of March 7th, 1876, aud described in 
the specification thereof? : 

Ans. There is a slight difference in one point which I should have 
mentioned before ; during the progress of manufacture the workman 
inquired of me how the uncovered leg of the magnet was to be fast- 
ened to the cone, and he called my attention to the fact that there 

is nothing in the patent explaining this, which is true; 
2264 then I told him to use his judgment in the matter, and the 

consequence of that instruction was the attachment of the 
magnet to the cone by the piece of brass and two screws, as appears 
in the instrument; this extra piece of brass, with its screws, is not 
shown in the patent, and, in my opinion, is an immaterial variation 
from what is shown in the drawing, figure 7, so far as the actual 
operation of the telephone may be affected by it; this is the only 
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difference, that I am aware of, between the two instruments produced 
and what is shown in figure 7 of the drawing attached to Bell’s 
patent. 

Q. 19. In making your experiments with these instruments, as 
you have described, did you omit any precaution or condition nec- 
essary to fully and fairly determine their operative efficiency for 
transmitting or receiving articulate speech ? 

Ans. No; not that I am aware of. 

Q. 20. You have analyzed the Bell patent of March 7th, 1876, No. 
174,465, and have given us your opinion of that patent and of the 
instruments therein described, and your reasons for differing from 
Professor Cross in regard to the invention contained in that patent; 
will you now please examine the letters patent ted to Alexan- 
der Graham Bell January 30th, 1877, No. 186,787, and the state- 
ments of the inventor contained in the specifications thereof, and 
state how, if at all, your conclusions are affected thereby, giving 
your reasons in full? : 


Adjourned until March 9th, 1882, at 10.30 a. m. 


March 9th, 1882, 10.30 a. m., examination resumed pursuant to 
adjournment. 


Present: Same counsel. 
Examination of Mr. Park BENJAMIN by Mr. HL continued: 


Ans. I have examined, and I believe I understand, Bell’s letters 
patent referred to in the question; I have carefully considered the 
statements therein set forth, which, so far as they alfect the opinions 
I have already expressed, tend to confirm me in such opinions, and 
this for the following reasons 

In the specification of his patent of January 30th, 1877, and be- 
fore entering upon a description of the devices therein set forth, 
Professor Bell reviews some of his previous patents, and among them 
his patent of March 7th, 1876, which formed the subject of my pre- 

ceding answer; in this patent of March 7th, 1876, he says: 
2265 “I have shown and described a method of an apparatus fur 
roducing musical tones by the action of undulatory cur- 
rents of electricity, whereby a number of telegraphic signals can be 
sent simultaneously over the same circuit, in either or both dirgs- 
tions, and a single battery be used for the whole circuit ;” and then, 
referring generally to all the patents which he mentions, including 
the patent of March 7th, 1876, he goes on to say: “ In the applica- 
tions and patents above referred to signals are transmitted simulta- 
neously along a wire by the employment of transmitting instru- 
ments, each of which occasions a succession of electrical im 
differing in rate from the others, and are received without confusion 
by means of receiving instruments, each tuned to a pitch at which it 
will be put in vibration to produce its fundamental note by one only 
of the transmitting instruments ; a separate instrument is therefore 
employed for every pitch, each instrument being capable of trans- 
mitting or receiving but a single note, and thus as many separate 
73—1047 | 
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instruments are required as there are messages or musical notes to 
be transmitted.” Also, in reference to his patent of March 7th, 1876, 
Professor Bell, in his specification before me, states that he has 
shown therein “as one form of transmitting instrunient a stretched 
membrane, to which the armature of an electro-magnet is attached, 
whereby motion can be imparted tothe armature by the human 
voice or by means of a musical instrument, or by sounds produced 
in any other way.” The foregoing quotations are Professor Bell’s 
own statements of what was contained in his patent of March, 1876, 
made nearly a year after the issue thereof; in them I find no refer- 
ence to the capability of the apparatus described for transmitting 
articulate speech ; I understand the concluding words of the last 
quoted paragraph simply to refer to the means whereby sound may 
be produced, and not to the particular kind of sound and manner 
of its production ; I think the statements quoted correctly sum- 
marize what was set forth in Bell’s patent of March 7th, 1876, and 
that they obviously accord with the opinion I have expressed, to the 
effect that that patent describes only a harmonic musical telephone, 
single or multiple, and not a telephone for transmitting articulate 


Inferentially I find further confirmation of this view in Professor 
Bell’s statement in his specification of January 30th, 1877, as to the 
object of the invention therein set forth ; in which statements he par- 

ticularly mentions that the object of the device described in 
2266 said patent is the electrical transmission of articulate speech, 

and this he sets forth fully and clearly. My inference is that 
if that important feature was included in his earlier patent he could 
just as fully and clearly have mentioned it there; and also that by 
not so mentioning it in that patent, and by fully doing so in his 
later one, he gives it to be understood that the invention was 
originally and for the first time described to the public in a patent 
in that which he obtained on January 30th, 1877. 

In considering more particularly the claims of Bell’s patent of 
January 30th, 1877, in comparison with what is set forth in the 
earlier patent of 1876, the making of which comparison I under- 
stand to be called for by the question asked me, and in attempting 
to reconcile the statements in the later patent with those in the ear- 
lier one, as interpreted by Professor Cross, I am led into a sort of a 
dilemma. The first claim of the patent of January 30th, 1877, 
recites: “The union upon and by means of an electric circuit of two 
or more instruments constructed for operation substantially as herein 
shown and described, so that if motion of any kind or form be pro- 
duced in any way in the armature of any one of the said instru- 
ments the armatures of all the other instruments upon the same 
circuit will be moved in like manner and form, and if such motion 
be produced in the former by sound like sound will be produced by 
the motion of the latter.“ As I understand Professor s testi- 
mony in answers to interrogatories 11 and 12, complainants’ prima 
facie case, he finds, in figure 7 of Bell’s patent of March, 1876, an 
apparatus consisting of two instruments united upon and by means 


an electric circuit, and so constructed that if motion of any kind | 


9 
9 
= aes 


2133 


or form be produced in the armature of one of the instruments the 
armature of the other instrument is ca to vibrate in correspond- 
ence therewith. Taking this view of the claim it follows that Pro- 
fessor Cross finds all that is therein set forth as already existing and 
patented in Bell’s prior patent, in which case the claim recites no 
original invention existing in the later patent of January 30th, 1877. 
If this view is not correct, then I must understand that the words 
“two or more instruments” in the claim refer specifically to the 
instruments described in the specification, and that the claim is thus 
intended to be limited. The claim states that the ific instru- 
ments are constructed “for operation” substantially as shown 
and described, and the result of this operation is the trans- 
2267 mission of articulate ; and this, taken into considers- 
tion with what I have already quoted from Professor Bell’s 
statements in this patent, leads me to the conclusion that the claim 
refers to instruments having the capacity of transmitting articulate 
speech, which capacity is now for the first time set forth in this 
tent, and not in any preceding one ; that is to say, Professor Bell, 
aving apparently mt the discovery, now for the first time spe- 
cifically describes and claims operative means for carrying it into 
practice. 

The second claim of the patent of January 30th, 1877, has more 
particular reference to the production, in the armature of each 
receiving instrument, of any given motion by subjecting said arma- 
ture to an attraction varying in intensity, however such variation 
may be produced in the magnet; this in a system of electric teleg- 


raphy or telephony consisting of transmitting and receiving instru- 


ments united upon an electric circuit. This is what is set forth in 
the first sentence of the claim, and it is difficult to see any substan- 
tial variation between what is thus recited and what is set forth 
in the first claim of the patent of March 7th, 1876, wherein is set 
forth “a system of telegraphy in which the receiver is set in 
vibration by the employment of undulatory currents of elec- 
tricity, substantially as set forth,” reference being had to my 
understanding of what is recited in that claim with to 
the state of the art, as I have already explained. A receiver in 
a — of telegraphy set in vibration by the employment of 
undulatory currents of electricity fairly, I think, includes a re- 
ceiver in which an armature is set in motion by an attraction vary- 
ing in intensity. Thesecond sentence in the claim of Bell’s patent of 
January 30th, 1877, amounts to a sort of explanation, for Professor 
Bell therein says: Hence I claim the production of any given sound 
or sounds from the armature of the receiving instrument by subject- 
ing said armature to an attraction varying in intensity in such man- 
ner as to throw the armature into that form of vibration that char- 
acterizes the given sound or sounds.” The sum and substance of all 
this, it seems to me, is that Professor Bell, having restated substan- 
tially what he had claimed in his preceding patent, now claims for 
it the production of any given sound, which includes articulate speech. 
In this respect he seems to be at variance with Professor Cross again, 
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in the older patent would do all that Professor Bell now 
2268 claims in the second part of the claim above quoted. If 

that is true, then Professor Bell is merely claiming here what 
he has already patented. If it is not true, then Professor Bell is now 
for the first time making an original claim for subject-matter not in 
the first patent. Ifthe claim is to be understood as referring to the 
specific apparatus in the specification of January 30th, 1877, then I 
can find nothing in either of the patents to indicate to me that this 
was not the first apparatus patented by Professor Bell as a means, 
or which was, in fact, an operative means of transmitting articulate ’ 
speech. I am quite well awure that this answer is taking an argu- 
mentative form, and as such is open to criticism ; but I have been 
asked to give my opinions, and the reasons affecting them, and I am 
giving the reasons in the form that they have presented themselves 
to my mind. 

The third claim recites the “combination, with an electro-magnet, 
of a plate of iron or steel, or other material capable of inductive 
action, which can be thrown into vibration by the movement of sur- 
rounding air, or by the attraction of a magnet.” It seems to me 
that all this claim describes is already shown and described in the 

tent of March 7th, 1876, unless the particular form of plate shown 
in the patent of January 30th, 1877, be regarded as an essential 
element of the combination. The vibrating armature, shown in 
figure 5 of the earlier patent, which is made of material capable of 
inductive action, is a thin plate, and is in combination with an elec- 
tro-magnet, and the specification clearly states that it may be set in 
motion by the wind, which is a movement of the surrounding air, 
or, when used on the receiver, by the attraction of a magnet. 

The fourth claim recites: “ In combination with a plate and elec- 
tro-magnet, as before claimed, the means herein described, or their 
mechanical equivalents, of adjusting the relative position of the two, 
so that, without touching, they may be set as closely I an 

ible.” And the specification in this connection says that it is 
— that the distance of the magnet from the plate should be 
as little as possible, without, however, being in contact.” Now, the 
information which Professor Bell here gives for the first time in a 
patent is not only of importance, but of very material importance, 
in the successful operation of a — eA In order that 
any description of a speaking magneto-telephone may be one from 
which an operative device may. be constructed, it must either 

2269 set forth adjusting contrivances, whereby the distance between 
* and plate can be regulated, so that the user, if need 

be, ean find out by experiment the proper distance between them 
to obtain the best results in the transmission of speech, or else it 
must include a drawing, or, what would be much less practical, a 
statement showing or setting forth exactly what is the proper dis- 
tance between magnet and diaphragm. In his patent of March 7th, 
1876, Professor Bell says nothing on this subject. He gives a draw- 
ing showing armature and magnet separated normally by a certain 
distance. The oe possible is that the distance which 

he shows them to 


separated is the distance which he jntends them | : 


2135 


to be separated ; and of course it follows that when other distances 
and proportions of parts shown are increased or diminished this 
distance must also be increased or diminished in like ratio. 


Recess for lunch. 


March 9, 1882, 2.30 p. m., examination resumed pursuant to ad- 
journment. 


Present: Same counsel. 


(Witness continues :) But, as I have already shown, an apparatus 
made in conformity with what Professor Bell states and exhibits in 
his patent of March, 1876, figure 7, is inoperative as a — tele- 
phone; and there is no suggestion in that patent which would lead 
any one, I think, to vary the distance between the armature and the 
magnet from the distance there shown, or giving him any notice 
that there would be any advantage in doing so; and, so far as I am 
acquainted with the state of the art prior to the date of Bell’s patent 
of 1876, there was nothing there which would enable any one skilled 
in it from his knowledge thereof to alter the distance between mag- 
net and armature from that which Professor Bell shows, with the 
idea of achieving the result of transmitting articulate speech. I 
don’t know of anything being made public in a patent, even in the 
interval between the issue of the two Bell patents under considera- 
tion, which would lead a person who had made the apparatus shown 
in figure 7 of the patent of 1876, and finding it to be an inoperative 
one, as I did, to alter its construction or to combine with it any appa- 
ratus for adjusting this distance ; and, in short, Professor Bell seems 

to have practically kept this very important information bear- 
2270 ing upon the subject of making an operative speaking tele- 
: —_ from the world, until his patent of January 30th, 1877, 
refe to before. 

The fifth, sixth, seventh, and eighth claims of Bell’s patent of 
January 30th, 1877, I understand to relate to combinations in the 
specific apparatus set forth; in “ Defendants’ Exhibit Wheatstone 
Telegraph there is clearly shown a magnet with a coil upon the end 
nearest the armature, and also a permanent magnet so arranged sub- 
stantially as recited in the fifth and eighth claims; and if the first 
three claims of the patent of 1876 relate, as Professor Cross seems to 
think, to a system of electric telephony the old Wheatstone appara- 
tus contains these elements under like condition, though not in the 
specific system of electric telephony — set forth in Bell’s 
second patent and referred to in the fifth and eighth claims. 

The sixth and seventh claims of Bell’s patent of cues | 30th, 
1977, relate to the oe box and the spea ing tube, both of which 
devices, in almost identically the same form and for the same purpose, 
were used in the Reis telephone, and are represented * 3 the 
engravings published in the issue of the Manufacture and Builder 
referred to in 1869; generally, therefore, so far as the subject-matter 
of the fifth, sixth, seventh, and eighth claims of Bell’s patent of Jan- 
uary 30th, 1877, is concerned, I think Mr. Bell simply recites a 
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combination of old devices in and with the operative telephonic 
contrivance which, he describes. 

Q. 21. In your several answers above you have spoken of the 
state of the art at the date of Bell’s patent of March 7th, 1876, and 
at the date of his patent of January 30th, 1877; in so referring to 
the state of the art have you taken into consideration anything that 
had been done by Mr. Daniel Drawbaugh, of Eberly’s Mills, Cum- 
berland county, Pennsylvania, or have you, on the other hand, 


made your answers without reference to what Mr. Drawbaugh had. 


done? 

Ans. I have not taken into consideration anything done by Mr. 
Drawbaugh; I understood the questions to limit me to what I knew 
of the state of the art at the time of the dates of Bell's patents of 
March 7th, 1876, and January 30th, 1877, and the only substantial 
departure that I have made from this is in considering Defendants’ 
Exhibit Wheatstone Telegraph,” which, as I before stated, was 

brought to my notice at quite a recent date. 
2271 Q. 22. Without taking into consideration anything done by 

Mr. Drawbaugh, will you briefly summarize in one answer 
what you understand from Mr. Bell’s two patents aforesaid to have 
been the improvement or the advance in the art contained in the 
invention patented March 7th, 1876; and also what you understand 
to have been the further improvement or advance in the art con- 
tained in the invention patented January 30th, 1877, and in the 
same answer please state how your present opinion of the first- 
named invention of Mr. Bell, as derived from careful examination 
of his patent of March 7th, 1876, compares with the understanding 
which you say you had of that invention when it was first commu- 
nicated to the public in 1876? 

Ans. In his patent of March 7th, 1876, I understand that Mr. 
Bell takes the old undulatory current, well known in telegraphic 
svstems, and produced therein in substantially the same way as he 
produces it, and applies it to a telephonic system, whereby the sig- 
nals transmitted are received by sound; before him the signa 
transmitted by the undulatory current had been received in appa- 
ratus, the indications of which were addressed primarily to the eye, 
though ae they had also been received by sound, through, 
for example, strokes on a bell, there had arisen, however, what 
might be considered, perhaps, a new art in the transmissions of the 
normal vibrations of a body, so as to affect and set in vibration 
another body tuned in unison therewith, through the medium of 
an intermittent or make-and-break” electric current; substan- 
tially to what was known in this new art Professor Bell applied 
what I have already pointed out as existing in the old art, and the 
result of this union was an advance in the new art in the shape of 
the invention of a —— system, whereby both pitch and loud- 
ness of sound would transmitted, and this either in single or 
multiple form; that was the advance made in the first patent; in 
the second tof January 30th, 1877, he makes two advances ; 
the first being the transmission simultaneously qf two or more 
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battery, without the use of as many instruments as there are 
musical notes or signals to be transmitted; and, second, and what 
was infinitely more important to the world, he takes the elements 


of the harmonic musical — — which he had previously in- 


vented, and adds to them other things—other instruments lities, 

some old and some new—and as a result then, and only 
2272 then, achieves the production of a telephone competent to 

transmit articulate speech; this sums up the advance made 
in the second patent. Now, as regards the second part of the ques- 
tion, as to my impression, at or about the time Bell’s patent of March 
7th, 1876, was issued, and in fact for some months afterwards, I think 
I have already stated somewhere in my testimony that I supposed it 
to be simply a harmonic musical telephone. Although it may not 
be proper for me to say so, 1 think this was the general impression 
among those who controlled the editorial columns of the Scientific 
American; and, at all events, it is certain that if I had supposed Mr. 
Bell’s invention and his patent of March 7th, 1876, did then embody 
the extraordinary advance Professor Cross says it did, then I should 
have regarded it as my duty, if I had seen that the proprietors of 
the Scientific American did not so understand it, to have urged the 
scientific importance of the matter upon them, or taken other means 
looking to its early and full publication in the paper. As it was, I 
think no detailed reference to the subject was made in the paper 
until the followin tember (1876), and when this article did ap- 
pear it was headed with a reference to, and the instrument described 
was compared with, a — gon, or thread-telegraph, as it was 
called, published in the interval, on May 27th, 1876. is article 
was not published in a prominent part of the paper, and on looking 
it over now my impression is that it was derived, in substance, from 
another journal. 

Q. 23. In his patent of January 30th, 1877, Professor Rell states, 
in effect, that he had invented also an improvement consisting sub- 
stantially in means for dispensing with the necessity for a voltaic 
battery in this class of instruments. I observe that in your last an- 
swer you did not refer to this last statement; why not? 

Ans. I omitted reference to that point advisedly, because Professor 
Bell got, or could easily have got, the idea of doing away with the 
batterv from the state of the art of telegraphy, as known before the 
date of his patent of January 30th, 1877. In“ Defendants’ Exhibit 
Wheatstone Telegraph” is shown clearly the method of obtaining 
magneto-electric undulatory currents in a system of telegraphy, with- 
out the use of a battery and with the use of permanent magnets; 
and the description in that exhibit expressly points out that this 

substitution is made. It wiil be noticed further, on compar- 
2273 ing figure 1 of the drawings attached to “ Defendants’ Exhibit 

Wheatstone Tel ” with the drawing, figure 5, of Bell’s 
patent of January 30th, 1877, that the devices respectively shown 
therein, so far as coils and cores, and armature are concerned, 
is substantially and almost exactly the same; and the use of the 
magnet in the one case, so far as production of an ey 
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substitution of the magnet for the battery, therefore, I meant to in- 
clude in my previous answer among the old ideas of which Mr. Bell 
availed himself in getting up the device shown in his patent of Jan- 


Q 24. You have observed that Professor Wheatstone, in the ex- 
hibit to which you have referred, arranges the permanent m 
and the electro-magnets at right angles to each other, whereas 
fessor Bell —— them in the same plane. What difference, if 
any, does this make? 

Ans: None, I think, that is material. Numerous working speak- 
ing telephones have since been made with the cuils arranged at right 
angles to, and also as prolongations of, the permanent magnet, the 
instruments operating well, so far as I know, in either way. 

Q 25. Please compare the telephone-transmitter patented by F. 
A. Klemm December 21st, 1880, No. 235,635, which patent is for 
one of the all infringing instrumente, with the two patents of 
Professor Bell, here in suit, and state whether or not you with 
Professor Cross on the infringement questions involved in use of 
said Klemm battery transmitter, giving your reasons for any opin- 
ions you may express. 

(Counsel for complainants calls attention to the fact that the two 
instruments put in evidence as infringing instruments were called, 
on page 20 of complainants record, the one “Complainants’ Exhibit 
Klemm Battery Telephone,” being a battery transmitter of the form 
and character shown in the drawing and description of the Klemm 
patent 235,635, printed on 83 of the complainants’ record; and 
the other, “Complainants’ Exhibit Tisdel Magneto-Telephone,” being 
an instrument the same in general principle as that shown in the 
Tisdel patent 227,861, page 84 of complainants’ printed record, but 
differing somewhat from the one there figured, in the form of some 
of the parts, said differences not being material to this case, as he 

understands. He also states that in questions 20 and 20, pages 
2274 40 and 42 of complainants’ case, the word “Klemm” there 
found should be “Tisdel,” the instrument referred to in said 
questions and answers thereto being the Tisdel Magneto-Telephone.) 


Adjourned until March 10th, 1882, at 10.30 a. m. 


March 10th, 1882, 10.30 a. m., examination resumed pursuant to 
adjournment. 
Present: Same counsel. 


Examination of Mr. Park Bexsamin by Mr. Hitt continued 


Ans. I agree with Professor Cross in finding in the battery trans- 
mitter an instrument which, when operated by the voice, will pro- 
duce electrical undulations in the current traversing the circuit 
similar in form to the air waves by which these electrical variations 
are produced ; also with his statement that it operates by varying the 
resistance of the circuit. The means through which this result is 
chiefly attained consist of a metal diaphragm supported on a spring 
arm, in contact with which there is held a carhon contact piece sup- 
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— by another spring-arm; the diaphragm is set in vibration 
y the voice, and thereby the pressure between said contact piece and 
a point on the es is varied, thus producing changes in the 
resistance in an electrical circuit passing through said diaphragm 
and contact piece. 

While, as I have already stated, it was known theoretically from 
Ohm’s law, as recited by Professor Cross in his answer to the 13th 
interrogatory in complainants’ prima facie case, that the strength of 
a current could be varied by increasing or diminishing the resistance, 
and this long before the date of Bell’s patent of March, 1876, still, 
so far as I am aware, no apparatus for Ss undulatory cur- 
rents by this means, especially in a telephonic system, had been de- 
vised or come into use. I understand from Professor Cross’ testi- 
mony that he considers that Mr. Bell in his patent of March 7th, 
1876, first indicates such an apparatus as embodying one of the 
methods devised by him as suitable for the production of electrical 
undulations similar in form to the air waves produced by the voice. 
Professor Cross also undertakes to show in his answer to the 19th in- 
terrogatory in his — na in complainants’ prima facie case by 
various references to prior French publications that it was “known 
long before the date of Mr. Bell’s patent that the resistance of a cir- 

cuit is varied without being broken by variations in the intimacy 
2275 of contact or amount of pressure between two electrodes in 

contact, from one to the other of which a current is passing.” 
He describes, however, no specific construction of apparatus 
ing upon this — for its operation, but, as I understand him, 
says generally that the fact. was “ constantly acted upon in the prac- 
tical use of electrical apparatus. Care was always taken that contact 
should be firm and with considerable pressure, for otherwise the full 
and desired strength of current was not obtained.” 

In view of this acknowledgment as to the state of the art by Pro- 
fessor Cross, indicating the principle to have been known, it seems to 
me all the more necessary for Professor Bell, if he intended to appl 
that principle to a telephonic apparatus, to specifically describe his 
means for doing so; otherwise, according to Professor Cross’ own 
admission, it is scarcely possible to see how he has made any inven- 
tion or discovery in this direction at all. 

But I have already pointed out in a preceeding answer, in consid- 
ering Professor Bell's patent of March 7th, 1876, that he wholly fails 
to give therem —— from which an operative apparatus 
of the kind could be constructed. 

Professor Cross admits, page 37, that “the precise method adopted 
in the Klemm transmitter for varying the resistance of the cir- 
cuit is different from the particular method referred to by Mr. Bell, 
inasmuch as it utilizes the property of variation in resistance with 


variation in pressure possessed by various substances.” I infer from 


this that Professor Cross must attach some meaning to the words 
“particular method ” different from the run of humanity, 
because the nearest approach which Mr. Bell makes to larity 
in this connection is found in the following sentence: “ For instance, 
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the more deeply the conducting wire is immersed in the mercury 

or other liquid the less resistance does the liquid offer to the 

of the current; hence the vibration of the conducting wire in mer- 

cury or other liquid included in the circuit occasions undulations 

| in the current.” ‘Certainly, I think, these words do not describe a 

a “ particular method ” and the specific construction and means whereby 

= | it can be carried out, and, unless Professor Cross intends the term 

=) “precise method” to mean one thing and “particular method” to 
mean another, in the sentence I have quoted from his testi- 

2276 mony, I fail to see how he' can regard as comparable the s 
cific and detailed statements of the Klemm patent, and the 

7 suggestion made by Professor Bell, as before quoted. 

t apart from all this, even after making this comparison, he 
says the two methods differ, so that if the meaning of his testimony is 
that he finds in the Klemm transmitter substantially the same ele- 
ments operating in like manner to produce a like result, as recited 
in Bell’s patent of March 7th, 1876, then I fail to see how he deter- 
mines this other than by a comparison between the detailed state- 
ments of the Klemm patent and Professor Bell’s bald statement that 
electrical undulations may be produced by varying the resistance of 
the circuit, so that all the conclusion I can derive from his testimony 
on this point is, substantially, that the Klemm transmitter contains 
a principle set forth in Bell’s patent, but its method of applying this . 7 


principle of varying resistance is different from even the mere hint 
of a method that Professor Bell gives, and that he is able, virtually, 
to swear that Klemm infringes Bell by comparing what is fully de- 
scribed in Klemm’s patent with Bell’s statement, that by alternately 
increasing and diminishing the resistance of a circuit you can pro- 
. duce electrical undulations therein. 
1 In comparing the Klemm transmitter with what is set forth in 
2 Bell's patent of January 30th, 1877, the substance of Professor Cross’ 
testimony to be simply that he finds in the Klemm battery- 
transmitter that the diaphragm is protected from the action of ex- 
traneous sounds by a box substantially like that described in the Bell 
patent, and also that he finds in the Klemm transmitter the reduced 
orifice which admits sound waves to the plate directly at its centre 
and the reduced space in front of the plate, as shown in Bell’s patent 
aforesaid. I don’t find any reference to these features in the specifi- 
a | cation; they are shown in the drawin hat is to say, in the draw- 
i ings attached to the patent, the diaphragm appears to be protected 
1 

1 


gi 


from extraneous sounds by a box, and there is a narrow space be- 
tween the end of the speaking tube and the diaphragm, which I pre- 
sume to be the reduced space referred to. 

The sixth claim of the patent simply recites: “The combination 
with an electric telephone such as described of a sounding box sub- 

stantially as herein shown and set forth.” : 

2277 So far as the essential construction and operation of the > 
. Klemm transmitter is concerned, by varying the resistance of 
the circuit Mr. Bell makes no reference to an instrument of that kind ' 
specifically in the second patent of * 30th, 1877, and I do not : 

understand Professor Cross to say that he does. 


+ 
- 
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substituted, then please compare the line thus equi 
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Q. 35. Assume a closed voltaic current, such as is shown in figure 
7 of Bell’s patent of March 7th, 1876, and in place of the transmitter 
and receiver shown in said figure 7 assume that two of Drawbaugh’s 
instruments similar to Defendants’ Exhibit (reproduced) B“ are 
with the in- 
vention of Bell shown in figure 7 of his patent of March 7th, 1876, 
and with the invention shown in his patent of January 30th, 1877. 

Ans. In one of my answers hitherto given with regard to the con- 
struction that I found set forth in figure 7 of Bell’s patent of March, 


1876, I pointed out that not only was there no meansshown nor sug- 


gested whereby the distance between magnet and armature 

2278 — a varied, a, — even a — = it ever would be 

esirable to change that distance from what was specifically 

shown in the drawing, but that, as a matter of fact, there was noth- 

ing in that drawing which would convey to a person making such 

— any idea as to how he could alter the said distance even if he 
wanted to. 


(Recess for lunch.) 


March 11, 2.20 p. m., examination resumed pursuant to adjourn- 
ment. : 


(Witness continues): The drawing, figure 7, does not even show 
how the uncovered leg of the — is to be attached to the cone; 
and 2 eget eat e of board, as it might be, I 
doubt if the iron magnet could be attached thereto by a screw or 
rivet, for example, and the parts remain in firm connection if the 
instrument was subjected to much handling or wear; neither do I 
see what efficient means could be adopted in the a shown in 
figure 7 in the way of an addition thereto or modificati 
for enabling the relative adjustment of the magnet and armature to 
be effected without some change in the organization of the instru- 
ments which would involve independent invention, and which, 
when Professor Bell did make it, did apparently involve inde- 
pendent invention, as shown by his specification to the improvement 
as new and original in his later patent. 

Q. 62. Professor Bell has somewhere indicated his opinion that 
the quality, or timbre, of sound is ultimately resolvable into. the 
two elements of loudness and pitch ; or, speaking with reference to 
the sound vibrations, into the two elements of amplitude and fre- 
quency, have you considered this subject; if so, what is your opinion 
upon it and what your reasons therefor, and what practical bearing 
has the matter, if any, upon the questions here involved ? 

Ans. I haveal 7 testified in an answer hitherto given that in 
his patent of March 7th, 1876, Mr. Bell has stated that the instru- 
ment described therein is capable of reproducing sounds in both 
their characteristics of loudness and pitch. And I have also stated 
that when Mr. Bell contrived an apparatus having these capabili- 
ties he accomplished a material advance in the art. I also said, in 
substance, — * my — Mr. Bell intentionally leſt out of his 
patent of M 7th, 1876, any statement or indication that his ap- 
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paratus would transmit the timbre or quality of sound, ap- 
2279 parently leaving such a contrivance to be described in opera- 

tive form in the later of the two patents now in suit. Now, 
if Mr. Bell’s statement that quality is resolvable into the elements of 
loudness and _— (and that statement will be found on page 19 of 
Mr. Bell’s affidavit, attached to complainants’ moving papers for a 
preliminary injunction in this case, and also, I believe, in his testi- 
mony, as the question states) is to be taken as true in its application 
to the speaking telephone, then it seems to me that his assertion 
could be made into a covenient peg on which to hang the conclusion 


that if the instrument set forth in Bell's patent of March 7th, 1876, 


would transmit what Mr. Bell thinks are the elements of quality, 
therefore it could transinit quality itself. Looked at in this way, it 
will be seen that Mr. Bell’s statement, made long after he had ob- 
tained his patent of March, 1876, might easily be twisted into a bear- 
ing on this case which would lead the court astray, even if that ob- 
ject were wholly unintentional. 

It will be found, I think, in Professor Cross’ testimony that he 
himself speaks of quality as an “element” of sound; and as the 
word “element” simply means something that cannot be resolved 
into constituent parts, his very use of the term negatives his idea of 
its resolution. Neither do I gather from Professor Cross’ testimony 
that he accords with Professor Bell in the view above stated; but, 
on the contrary, he takes considerable pains to point out, and I 
think does so with much ability, that pitch is one thing, loudness 
another, and quality another—all three different. 

The difficulty in the application of Professor Bell’s statement to 
the terms of his patent, as I have pointed out (and it is just here I 
think that error is likely to be inadvertently made), lies in the fact 
that, regarded in one sense (and that an exceedingly broad and 
general one), as I shall point out, Professor Bell’s assertion involves 
some truth; whereas in its application to the subject-matter of this 
case, namely, the telephone as an instrument for transmitting articu- 
late speech, I don’t think it is true. : 

To illustrate: The position of any point on a plane can always be 
described by stating its distance from each of two lines drawn as 
right angles to each other in that plane. So for any number of 

ints; and so for any curve or any figure that can be drawn. 

ow, when we undertake to represent graphically sound waves by 
curves, as Professor Bell does in his patent of March 7th, 1876, 

2280 and as Professor Cross does in his answer to interrogatory 8, 
in complainants’ prima facie case, it is quite true, as Bro- 

fessor Cross sets forth, that by measurements along a vertical and a 
horizontal axis, the portion of any point on that curve may be de- 
termined. That is to say, as he expresses it, by determining for each 
int the length of the abscissa and of the ordinate for that point. 
ow, this is true of any curve; so that even if the form of the curve 
were varied so as to include an almost infinite number of sinuosities 
it still would be mthematically possible to lay down the position of 
every point in it in the manner stated. Consequently if we take 


the position of a puint measured from one axis to represent pitch, 
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and from the other to represent loudness, then we can reſer every 

int in the curve to the elements of pitch and loudness, no matter 
ow the position of the points may be caused or varied. 

In this sense it would be possible still, as Professor Cross indicates, 


J take a curve, such as shown in the diagram of his answer to in- 


terrogatory 9, and which he states represents the motion of a particle 
under the influence of sound waves, and which, in addition to show- 
ing pitch and loudness, also shows — by its peculiar form, and 
fixes the position of every point thereon by measurement in two di- 
rections, one of which we have agreed shall represent — and the 
other loudness—that is to say, we can handle the subject theoret- 
ically in that way, in pretty much the same way that we can handle 
vast quantities — 7 the aid of algebraic symbols, or indulge in 
the scientific use of the imagination to reach conclusions which we 
never could attain through any course of physical experimenting. 
The difficulty of this mode of procedure often lies in our mistaking 
the symbols for the things, and assuming that what is true intrin- 
sically of the symbols is equally true to what they represent. This 
is the error which Professor Bell has apparently fallen into, or, at 
least, it is only by assuming that to be the fact that I can find sub- 
stantial foundation for his statement above quoted. | 

Now, if I understand the question before me correctly, it is not 
whether Mr. Bell or anybody else can show theoretically, by graphic 
representations of sound curves, that the changes in form due to 
quality can be described by references to distances taken to repre- 
sent pitch and loudness, but whether an instrument, which is capa- 

ble of transmitting pitch and loudness, is by reason thereof 
2281 practically able to transmit quality also. Theories in physics 

are one thing and facts are another, and there is scarcely a 
theory that has been turned upside down in the last two centuries. 
They are only valuable so far as they account for most of the ob- 
served phenomena, and modern scientific reasoning is inductive 
from facts and not deductive from theories. If there is any depart- 
ment of physics in which theories are likely to go astray it is elec- 
tricity, and the more cautious and careful any one is explaining the 
why and wherefore of electrical phenomena, save by the rigid an- 
swer of actual experiment, the less likely is he obliged to revise his 
thories afterwards. 

I have already stated in answers to 2 uestions that I can 
see no reason why, if Professor Bell thought that his instrument 
would transmit quality, he did not state as much in his patent, in- 
stead of leaving it to inference, or why, in a curve, which he shows 
and states to represent without error the vibration of a body capable 
of inductive action, he could not have put iu or indicated some 
changes in form to represent quality; more especially, in view of 
Professor Cross’ statement, that “the variations between the sound 
waves, which constitute a given articulate sound, and those which 
constitute a sound not recognizable as articulate speech, are such that 
an excessively minute departure from the theoretical requirements 
will substantially deprive the instrument of all practical value.” 
The quality which Professor Bell undertook to transmit is stated 
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tively groes construction it appears that he found he could transmit 
i and loudness, and this instrument, which is represented in 
gure 5 of his patent of March 7th, 1876, I do not understand Pro- 
fessor Cross to assert would transmit quality of speech. Accordi 
to Professor Bell it should do so, because it transmits pitch 
loudness. Professor Cross confines himself substantially in his tes- 
timony to the apparatus shown in figure 7, and in the difference be- 
tween that and the one shown in figure 5 of the same patent 
resides, he su ially says, its capability of transmitting speech. 
I leave Professors Bell and Cross to reconcile their opposing views 
as best they can, the one virtually asserting that his instrument can 
transmit quality, and hence inferentially urticulate speech, because 
it permits pitch and loudness ; and the other, that the specific ap- 
paratus he refers to in his testimony transmits articulate 
2282 speech, because of its specific differences from the contrivance 
which Professor Bell substantially asserts is — — 
of doing so. I have simply to point out that the particu 
ratus set forth in Bell’s patent of March 7th, 1876, and referred to 
Professor Cross will not transmit anything when made in accordance 
with what is set forth in the patent. 


(Complainants’ counsel objects to the answer as containing a mis- 

tation of the testimony on behalf the complainants, and fur- 

ther objects to the answer as immaterial, because based on a mis- 
representation of the evidence for the complainants.) 


Adjourned until March 16th, 1882, at half-past ten o’clock a. m. 


March 16th, 1882, 10.30 o’clock a. m., examination resumed pur- 
suant to adjournment. 


Present: Same counsel. 


Examination of Mr. Park Bensamin by Mr. Hm. continued: 


(Counsel for defendants states that the witness has not intended to 
misrepresent the statement of Professor Bell, as is shown by the fact 
that he refers in his testimony to the volume and Ww Pro- 
. fessor Bell’s own can be read; and the that the de- 
fendants’ expert and complainants’ counsel seem to understand 
Professor Bell differently shows tke propriety of directing the atten- 
tion of the court to the somewhat ambiguous or obscure nature of 
his statement.) 

(Complainants’ counsel objects that the allegation of defendants’ 
counsel that Mr. Bell’s statement referred to is ambiguous or obscure 
is not evidence in the case, and not proper to go on the record.) 


Q. 63. Then, if I understand you correctly, your opinion is that, 
even if theoretically, the different points assumed by a particle of 
air in the course of a sound vibration might be are | repre- 
sented in terms of loudness and pitch only, yet it not follow that 
an instrument capable of transmitting or reproducing only loudness 


to be the quality of articulate speech. In an instrument of eompara- 
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things that can be proved 
80 far as we now 


diameter of this inkstand with a foot-rule, but when it 
comes to measuring the diameter of a molecule of matter, al h 
the molecule is just as much of a physical entity as the ink- 
2283 stand, there is no measuring instrument in creation by which 
I can do it. And yet the size of molecules has been measured 
theoretically, and Sir William Thomson fixes their thickness between 
— 1 — = fift wor sara and one five — of = 
in capabilities of mechanical apparatus are very limi 
and when such us is called upon to deal with the very minute 
in nature, very slight causes are apt to render it wholly i tive. 
Professor Cross has pointed out very fully the delicate and almost 
infinitesimal nature of the vibrations that go to determine the quality 
of a sound; and hence it seems clear to me that while an instru- 
ment might transmit the comparatively gross characteristics of pitch 


and ness, it might, by its very construction, be incapable of also 
transmitting the delicate characteristic of quality, so that when that 


instrument is described presumably in a manner which will enable 
other persons to make it, it seems to me that if it is :ntended to 
transmit quality both the facts should be so distinctly stated, and 
the construction of the instrument accurately shown. And if this is 
true of the transmission of quality in general, it is certain with re- 
gard to the transmission of a particular kind of, and exceedingly 
subtle quality, namely, that which characterizes articulate speech. 


2284 Cross- examined by Mr. Sronnow: 

X Q 66. When did you cease to be connected with the Scientific 
American ? 

Ans. In July, 1878. 

X Q. 67. In your 2lst answer you said that in referring to the 
state of the art did not take into consideration what Mr. Draw- 
baugh ‘is all to have done. You also added another limitation. 
In view of that second limitation, I wish to know whether, in _refer- 
ring to the state of the art in your testimony, you have intended to 
limit it to what personally knew, or have you intended by that 
phrase to refer to what is generally understood by the term “ state 
of the art,” excluding Mr. Drawbaugh, of course ? 

Ans. I understand the term “ state of the art” to mean such infor- 
mation as is open to the public, either in prior patents or printed 
prior publications, and possibly in the proved statements of individ- 
uals who may have testified in courts of law as to their own partic- 
ular labors or discoveries in the art, which statements have been 
passed upon and a in judicial decisions. Udo not mean to 
say that I knew all which any one might gather from these sources, 
for I had not then made, and, as I have already testified, I have not 
since made, a examination, which would doubtless be neces- 


had knowledge, partly derived from seeing the apparatus itself and 
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partly from printed descriptions of the same, at the date of Bell’s 
ewe of March 7th, 1876. I did not mean to say that that was all 

knew of the state of the art at that time; because I do not think 
that I could now specify the full extent of the knowledge I then 
had. I merely mentioned certain contrivances that came upper- 
most in my mind as pertinent to the subject under consideration, 
— 8 which I fully believe I had knowledge at the period men- 
tioned. 

X Q. 68. You have stated in your deposition various conclusions 
you have arrived at; you have also stated certain experiments, tests, 
and trials; if those conclusions are based upon any experiments, 
tests, or trials other than those so specified, I wish you would state 

what they were, and when and where they were performed. 
2285 Ans. Such conclusions as I have stated to be based upon 

trials or tests made by me were actually founded upon the 
trials or tests mentioned, and not, so far as I now recall them, upon 
other trials or tests not referred to, and this is the idea which I in- 
tended to convey in my testimony. 

X Q. 69. If any of the conclusions stated, and which you did not 
in terms connect with any particular trials or tests, were in fact 
founded on or supported by any tests, trials, or experiments, please 
state what such tests, trials, or experiments were, and when and 
where they were made. | 

Ans. To answer that question oe. ae to the gen- 
eral terms in which.it is framed, I shall obliged to read the 
records of an enormous amount of experimenting made by the great 
discoverers in physical science, on which experiments were mainly 
founded the conclusions which they reached, many of which have 
been restated, both by Professor Cross and myself; and it is simply 
impossible for me.to name all such tests or experiments, or to say 
when and where they were made. As I do not 1 that this 
is at all the intention of counsel, I trust that he will limit his ques- 
tion in some way, either to tests made by me, or by particular 
ons, in which case I shall endeavor to answer it as fully as pos- 
sible. 

X Q. 70. Please answer the last question, limiting yourself to ex- 
periments made by you or in your presence during the last two 
years. 

Ans. I have not made any experiments, except those mentioned 
in my testimony, with telephones during the last two years, al- 
th I have repeatedly talked through such instruments, and inci- 
dently remarked their efficiency, said instruments being in connec- 
tion with organized systems. I have made a large number of ex- 
periments, mainly repetitions of those made by others, in order to 
fix electrical principles in my mind. And I: suppose that these 
experiments have indirectly affected my conclusions. I cannot 
ify them all, nor their number; perhaps it will suffice to state 
y were all old and well known, and that they'involved no 
original discovery on my part. I do not recollect having seen any 


2 8 
4 S 1 sm 4 
“ * — G n ~~ 


phonic 


53 
n 


2147 


experiments made by others during the period mentioned which 
have had any effect upon the conclusions I have stated. 

2286 X Q. 71. If the conclusions you have stated are based 
upon any experiments with telephones not already men- 

“+ tioned, and made more than two years ago, please state what those 

experiments were, and when and where they were made. 

Ans. I understand this question to be limited to experiments made 
by me or in my presence, as before. Perhaps it may save some 
further questioning in this direction if I state right here that I have 
neither had the time nor opportunity to enter into any elaborate 
series of experiments or tests with telephones at any period of my 
life, as I think may be easily inferred from the statements I have 
made as to my employment for many years back. The conclusions 
which I have stated to be based on an early test of Bell’s telephone, 
made by me, I think, in 1877, were based on that test and not on 
any other. I believe I have not mentioned hitherto that when I 
heard Professer Bell lecture in this city in 1877 I saw him then 
make a number of experiments with the telephone, the results of 
which, of course, fixed themselves in my mind. I cannot now recall 
other experiments which I may have seen in public, though I have 
an impression that I did see some, but I don’t think they 
any essential conclusion of mine about the telephone, formed either 
before or since. 


(Recess for lunch.) 
March 16th, 1882, 2 p. m., examination resumed. 
Present: Same counsel. 


X72. You have referred to Professor Cross’ testimony, and 

stated that you agree with some parts and disagree with others, but 
have not specifically pointed out the pages and paragraphs referred 
to. I understand, however, that you agree with him as to what 
takes place in a speaking telephone whilst transmitting speech, and 
that you agree with him as to what necessarily must take place in 
order that articulate speech may be transmitted ; but that you dis- 
agree with him upon the question whether those things are found 
in Mr. Bell’s first patent, and will be performed by the instruments 
therein described. Am I correct in that? As an illustration of my 
understanding, I refer you to the first paragraph of Professor Cross’ 
answer 18, 36. 

Ans. I dislike to criticise counsel’s questions, but the first part of 

this one clearly refers to theory and mode of 9 1 and 
2287 the second part to things which Professor Cross finds in 
the apparatus, so that I am left in some doubt as to the mean- 

ing. I will endeavor, however, to answer as definitely as I can by 

stating that I have agreed with Professor Cross, first, in his general 
explanation of the theory of sound and its characteristics, i 
the assertion that quality is an element of sound ; second, in his 
statement of how undulatory currents are produced in the 
which is right, so far as it goes third, in his opinion that no tele- 
apparatus can transmit speech by electricity over a wire, 


2 
1 
2 — 
atm 2 


} > hoe 
’ > 
Bs J on : 
8 3 
* eo — . 
N . a » * a 5 my * git 1 
Fahy 


i. E.. 


1 
eet. 


2148 


unless it be based upon the use of the undulatory current of elec- 
tricity, thus excluding any contrivance depending for its operation 
upon the “ make and or interrupted current. 

I do not agree with him in the opinion that there is described in 
Bell’s patent of March 7th, 1876, in operative form, a telephone 
which will transmit h through the medium of the undulatory 
current, either when the latter is produced by variations in the elec- 
tro-motive force of or in the resistance offered to the current. 

__ Referring now to the paragraph which has been specifically called 
to my attention, and assuming that by the instrument he mentions: 
Professor Cross means the one represented in figure 7 of Bell’s pat- 
ent, noted (I assume this subject to correction by complainants’ coun- 
sel), I find therein, as Professor Cross does, a line wire and a batte 
connecting two instruments, which instruments I find by experi- 
ment, when connected with wire and battery, are not operative speak- 
ing telephones, and therefore I do not agree with Professor Cross in 
his statement of the functions of said instruments, or that they are 
in fact respectively a telephone receiver and transmitter. — — 
with Professor Cross, in his statement in the pa ph reſe to, 
that the instrument which erroneously, I think, he calls a trans- 
mitter, contains a movable part which is capable of being set in vi- 
bration by the agency of the voice, but I do not agree with Professor 
Cross in his statement that said movable part is so arranged that it 
shall cause electrical variations in the current traversing the line 
wire, because I have shown by experiment that it is not so arranged. 
If I have not answered the question as categorically as defendants’ 
counsel may desire, I offer to go over the whole of Professor Cross’ 
testimony, and state my agreement or disagreement with every as- 
sertion he makes or opinion which he presents. 
2288 X Q. 73. Will you now assume that in the first paragraph 
of his 18th answer Professor Cross referred to a speaking tele- 
phone apparatus which you knew was operative, and not to the one 
which you say was inoperative; and state whether the paragraph 
upon that assumption would correctly describe the operation and 
the essential parts of the operation which an operative speaking 
telephone would perform in the transmission of speech. 

Ans. That assumption necessarily involves—first, the conclusion 
that the apparatus I am to assume is not set forth in Bell’s patent 
of March 7th, 1876, because Professor Cross’ statement, to which I 
am referred, particularly relates to that patent, which is mentioned 
in the very first words of the paragraph as the one in which he 
finds the apparatus operating as he describes; and, second, that in 
conceiving such an operative apparatus I must use knowledge ac- 
quired since the date of the aforesaid patent; because, under com- 
plainants’ own showing, knowledge of an operative speaking tele- 
phone did not exist before. With the foregoing understood, I can 
assume a transmitting instrument suitably constructed to operate as 
set forth by Professor Cross; also a receiver so operating; also a 
battery and a line wire, the instrument transmitting and receiving 
— by the medium of the undulatory current of — 
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Professor Cross, as stated in my preceding answer, and involves the 
addition to the apparatus shown in figure 7 of Bell’s patent of 
March 7th, 1876, of another invention. I see no escape from the 


‘eonclusion as I have stated it, as otherwise I should merely be asked 


to assume as operative an instrument which I knew to inoper- 
ative, and thence to be landed in the logical absurdity of saying 
that Professor Cross describes an operative apparatus, because for 
him to do different would be contrary to the assumption. 

XQ 74. Would the instruments in ordinary commercial use on 
the telephone exchange in New York, such as the Blake trans- 
mitter and the hand telephone magneto receiver, of the “ butter- 
stamp ” form, satisfy the assumptions of your last answer ? 

Ans. The assumption called for in the last answer was simply 
of an operative instrument; and as they are operative instruments, 
the Blake transmitter and the Bell “ butter-stamp” telephone would 

satisfy that assumption. If the assumption includes also the 
2289 ,operation of the instrument by the undulatory current, and 

the vibration of the diaph of the receiver thereby to re- 
produce speech, they would still be within the assumption, but 
neither of the devices are made only from what is shown in Bell’s 
patent of March 7th, 1876, and both of them are operative instru- 
ments by reason of later inventions contained in them. 

XQ. 74}. I call your attention to your thirteenth question and 
answer, and ask you whether, in your opinion, your article in the 
Scientific American of March 31st, 1877, was suited to convey to 
the public intelligible information upon the subject of the electrical 
transmission of speech and the operation of the instruments therein 
described ? 

Ans. That article was based mainly upon the statements made 
by Mr. Bell in his patent of January 30th, 1877, from which patent 
the illustrations, figure- 2,3, and 4, in said article were copied almost 
in fac-simile ; the drawings of Professor Bell lecturing were obtained 
from an artist correspondent, and the statements contained in the 
article, not derived from Bell’s patent, were gathered, I think, from 
reports of other journals ; the matter was assumed to be correct at 
the time, and it is not the practice in newspaper offices to require 
that the information they receive shall be verified by affidavit; I 
simply made up the article in the ordinary course of editorial work 
and it was published as something of public interest and not as 
opinions of mine based on my personal knowledge; if counsel 
means to call attention to the fact that this article sets forth Pro- 
feseor Bell as an inventor of the speaking telephone, and to show 
thereby that I publicly stated that to be my belief, I can show him 
a many later articles where I say the same thing on my own 
responsibility and not on the responsibility of the Scientific Ameri- 
5 1 * —— 2 — * first eee 
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X Q. 75. Was that article suited to convey to the public a sub- 
stantially — and intelligible idea of the operations which take place in 
the electrical transmission of speech, and of the operation of the in- 

struments therein described ? 
2290 Ans. It was intended to, and does in fact, give only a gen- 

eral idea of the subject, which is right enough so far as it 
goes; the details of the instrument are not described with any par- 
ticularity, nor is the influence of the several parts of the instrument 
upon its operation fully stated; besides, I remember now that the 
instrument was sent to the office strapped up in a box, as represented 
in the picture, with a request that it should not be opened, and that 
is why the Patent ‘“flice drawings were copied and the engravings of 
the enclosed instrument not directly made from the instrument 
itself; and this fact, of course, although I could determine the pres- 
ence of many parts in the instrument to be as shown in the patent, 
prevented my giving as graphic a description of it as I might 
otherwise perhaps have done. 


(Complainants' counsel puts in evidence said article, to be marked 
“Park jamin’s Scientific American article, March 31, 1877.”) 


X Q. 76. You have spoken, in your 15th answer and in a number 
of other places, of the “undulatory current,” with reference to the 
action of the speaking telephone; I understand from Professor 
Cross’ testimony that for the purpose of transmitting articulation or 
quality it is necessary, not only that the current should be undula- 
tory as distinguished from intermittent, but that the electrical 
undulations should correspond in their form to the aerial undula- 
tions or vibrations which constitute the sound to be transmitted ; do 
you or do you not agree with him in that respect, and have you in- 
tended to use the phrase in that sense when referring to the elec- 
trical transmission of speech by such a current? 

Ans. As I understand the question I agree with Professor Cross 
in the statement therein, and I have used the phrase in the sense 
indicated. 

XQ. 77. Near the end of your 16th answer, in summing up 

our conclusions, you say: “I do not find, for the reasons stated in 

ll’s patent of March 7th, 1876, a speaking telephone either directly 
or by inference to the language used or from the drawings.” Do 
you mean to be unders as saying that from merely reading the 
patent, and without knowing from actual trial whether the instru- 
ments therein described are or are not practically operative, you 
have come to the conclusion that no electric speaking telephone is 

there set forth ? 
2291 Ans. I continued the quotation from the point where the 
counsel left off: “And I have determined to my satisfaction, 
by actual test, that the specific apparatus, which the complainant 
has sought to prove, as a speaking telephone, is wholly inoperative 
as such;” and I emphatically protest against the counsel carving 


out pieces of sentences from my testimony, and attempting to mis- 
lead the court, by giving them a signification completely negatived 
by the immediate context. The sentence which I complete, in answer, 


— 
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is quoted from my long reply, setting forth what I find in Bell’s 
patent of March 7, 1876; I 3 in that reply all my reasons ſor the 
conclusions reached; and I stated in conclusion that I based my 
opinion apparently on all the foundation on which an opinion could 
be based „namely, the language of the specification, the drawings, 
and the actual test of the instrument; and I don’t think I have any- 
where given it to be understood that I have allowed myself to be 
influenced other than by fair consideration of all three of these 
means of knowledge. | 


(Answer objected to by Mr. Storrow as irresponsive and improper.) 


X Q. 78. Have you meant to express the the opinion, or have you 
expressed the opinion, in your deposition, that examining the —— 
fication and drawings of that patent alone would properly an 
expert to the conclusion that no electrical speaking telephone is 
therein set forth ? 

Ans. I have said, and I still say, that Bell’s patent of March 7th, 
1876, specification and drawings, do not, in my belief, describe an 
operative electrical speaking telephone; that conclusion, I think, 
can he fairly reached from the specifications and drawings; but as 
against this conclusion I have the opposite statement of Prof. Cross 
before me. Desiring to give that witness’ statements all the weight 
possible, and at the same time to test the accuracy of my own con- 
clusion in the matter, I had an apparatus made, fairly and honestly, 
in accordance with what is set forth in figure 7 of Bell’s patent; 
the result of the experiment with this instrument was not only to 
confirm my conclusions, but also to prove to me that Mr. Bell 
not even indicated in his patent how to make an operative king 
—— And thus, taking the results of my test and all that is 
set forth.in the patent, er,as I have intended these matters 

should be taken, I fail to see how, under the broadest con- 

2292 struction that can be given to his patent, Mr. Bell can be con- 

2 sidered to have described an an operative speaking telephone 
erein. 

X Q. 79. I understand from your last answer that the reason why 
you think that patent does not set forth an electric speaking tele- 
phone is because you think that instruments constructed as therein 
described could not transmit speech, and that you form that opinion, 
first, from examining the specifications and drawings with your 
knowledge as an expert, and, second, from actual tests or trial with 
the instruments you have produced. Is my understanding correct? 
And if not, please state wherein it is — 

Ans. It is right, so far as it goes; but al the reasons influencin 
me on the subject have been fully set out by me in my direct testi- 
mony, and notably in answer to question 16. 

X Q. 80. Suppose you had found on trial that instruments made 
according to the specification and drawing did transmit , what 
conclusion should you then have arrived at, as to whether that pat- 
ent did or did not set forth the invention of a speaking telephone? 

Ans. If I found that an instrument made in accordance with what 
is set forth in that patented was, in fact, an operative speaking tele- 


— 
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phone, then I think it would be for the court to say whether the de- 
scription of the 2 was legally sufficient. It would be one of 
those cases, I think, closely analogous to that in which a new use is 
discovered for a patented apparatus, never ht of by the inventor, 
and not specifically stated in his patent, but which he would never- 
theless be entitled to the benefit of. 


Adjourned until Monday, March 20th, 1882, at half-past ten a. m. 


March 20th, 1882, 11 a. m., examination resumed pursuant to ad- 
journment. 
Present: Mr. Storrow, for complainants,and Mr. Hill, for respond- 
ents. 
Cross-examination of Mr. Park BenJamin by Mr. Storrow 
continued : ä 


X Q. 81. Did you write an article in the Scientific American of 
October 6th, 1877, volume 37, pages 207 and 212, relating to the tele- 
phone; and, if so, state whether that was suited to convey a correct 
and intelligible idea to the public, so far as it went? 

Ans. I don’t think I wrote that article. 

X Q. 82. Do vou think that article suited to convey a correct and 

intelligible idea to the public, so far as it went ? 
2293 Ans. Yes; I think so. 

X Q. 83. In your twenty-second answer you ee sum- 
marize — opinion of the improvement set forth in Mr. Bell's first 
patent, March 7, 1876, and of the further improvement contained 
in the invention patented by his second patent, January 30, 1877. 
I understand you to state therein that the most ee difference 
between them is that, in your opinion, the second patent tells the 
community how to make an electric speaking telephone and the 
first does not. Do I understand you correctly in these respects ? 

Ans. The second patent describes an operative speaking telephone 
and the first does not. 

X Q. 84. Will you tell me what is the difference in the construc- 
tion of the instruments described in those two 7 — respectively, 
which makes the one described in the second patent an operative 


speaking telephone, and leaves the one described in the first patent, 


in — opinion, not an operative speaking telephone? 

ns. I understand from the question that I am to explain, first, 
why Bell’s first device is, in my opinion, inoperative, and then show 
why the second device is operative, and point out the differences 
which lead to that result. I have already given my reasons with 
regard to the inoperativeness of the device shown in Bell’s patent of 
March 7th, 1876, ,as I have already stated in this cross-exami- 
nation, on my study of the patent and on the tests I have made. 


These reasons I need not now repeat; but as, under the question, I 


think it necessary for me to state all the reasons which I have for 
regarding the device shown in Bell’s patent of March 7th, 1876, as 
inoperative, I have now to mention some which I have not before 


It is proper for me to explain here that, in view of the assumptions 
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which I have been called upon to make during this cross-examina- 
tion, to the effect that Bell’s device of March 7th, 1876, is an operative 
contrivance, I have been led, during the late adjournment, carefully 
to examine the testimony of ‘Professor Bell and Mr. T..A. Watson, 
stipnlated into this suit, in order to discover whether I could find 
anything therein which would afford a substantial basis for the 
assumptions before referred to. I had looked over this testimony 
before, in order to seek out its affirmance or disuffirmance regarding 
other considerations which have occurred to me, but this was 
2294 the first time that I had carefully examined it fully in order 
to see what Professor Bell thought of the contrivance which 
he represented in his earlier patent. Professor Bell, in his answer 
tothe 71st interrogatory, describes certain experiments made on June 
2nd, 1875, in which he found, as he states in a letter of that date 
written by him to Mr. G. G. Hubbard and quoted by him in answer 
to interrogatory 7th, that he could transmit si without any 
battery whatever, and that “the musical note uced at the receiv- 
ing end was sensibl te of that at the transmitting end 
in loudness as well [as] pitch.” 
the same date, as he suys in his answer to the 74th interrogatory, he 
instructed Mr. Watson to make a membrane instrument; and Mr. 
Watson 8 in his deposition in the interference, which has been 
put in evidence by complainants in answer to interrogatory 8, that 
the instrument he made according to said direction is shown in the 
engraving embodied in his answer, which engraving is the same as 
ae “Complainants’ Exhibit No. 31, Bell’s Telephone 
0 * 

On July Ist, 1876, Pruſessor Bell, in answer to his 84th interroga- 
tory, says that he ordered a second membrane telephone constructed, 
a duplicate of which he produces, which is marked “ Complainants’ 
Exhibit No. 34.” In his answer to interrogatory 20 Mr. T. A. Wat- 
son, who furnished these two instruments, says as follows: “They 
are duplicates, with the following exceptions: In Exhibit 31 the 
wooden framework is a little heavier, and the armature not so thick. 
In Exhibit 34 the framework is heavier, armature thinner, and a 
different method for me 9000. the distance between the pole of the 
magnet and armature is supplied. In the original the adjustment 
was made by sliding the cross-bar that ee the magnet up and 
down in the slots in the sides, as in Exhibit 31.” 

After testing these instruments, Professor Bell says in his answer 
to interrogatory 92 that the “experiments demonstrated the pruc- 
ticability of transmitting articulate. speech by instruments having 
the same mode of operation as these stretched-membrane instru- 
ments,” and that it was only necessary to make further experiments 
to ascertain the best arrangement of the parts; and from the account 
of the test given by Mr. Bell in his answer to the 90th interrogato 

I do not find it stated that articulate speech was heard throu 

2295 the apparatus, but that Mr. Watson had stated that he (Wat- 

arene d heard Bell speaking, but could not make out what 
e said. 


In his answer to the 94th interrogatory, Professor Bell sets forth 


The italics are Professor Bell’s. on 
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a letter written by him, wherein he states what he wants to protect 
in his patent, and speaking apparently of the transmission of speech 
as something to be done in the future. 

So far as I, therefore, have been able to learn from Mr. Bell’s tes- 
timony, he had now constructed two instruments, a receiver and a 
transmitter, through which Mr. Watson had stated that he had 
heard the sound of the human voice. Mr. Watson himself, on this 
point, in answer to the 13th and 15th interrogatories, says that, with 
the membrane telephone alone asa transmitter, he could hear a faint 

- sound; that with the two membrane telephones the results were a 
slight improvement, but that his“ recollection of this experiment 
is confused with those that precede.” In September, 1875. Mr. Bell, 
it appears, went to Canada, and while there he made a drawing which 
is put in evidence by complainants in this case, Exhibit 37, Bell’s 
Toronto Drawing,” and in answer to the 129th interrogatory Pro- 
fessor Bell swears that the paper shows “the invention and appara- 
tus described in my United States patent, dated March 7th, 1876.” 
In answer to the 126th interrogatory he says that he made the 
drawing on the 28th day of December, 1875. In this drawing I find 
a sketch representing an apparatus, such as is shown in figure 7 of 
‘Bell’s patent of March 7th, 1876, beneath which is written. the fol- 
lowing: “ First attempt to transmit the human voice. The varying 
pitch of the voice could be discriminated, but not the quality. A 
sort of muttering effect was perceived at the receiving end when a 
person talked very loud at the other end.” 7 

In his answer to the 101st interrogatory Mr. Bellsays that he began 
to prepare the specification of his patent of March 7th, 1876, in 
September, 1875, and produces sheets containing rough drafts made 

| in October, so that this statement on the Toronto drawing was ap- 
7 — penned by him after he had drawn his specification. I 

1 ave already pointed out, in my direct testimony, that in the draſts 

of claims referred to by Mr. Bell in answer to the 103rd interroga- 

tory are claims for transmitting sounds differing in timbre, as well 

as pitch and loudness, which claims do not appear in Bell's patent 
of March 7th, 1876. 

22938 Finally, with regard to the specification which he did pre- 

pare, he says, in answer to the 115th interrogatory, that on 

the 18th of January, 1876, after he had sent his specification to a 

solicitor in Washington, he wrote a letter in which he quotes Mr. 

Hubbard as being pleased with that specification, and as stating that 

“it promises to be of great value if I (Bell) prosecute my 

diligently ; if not, others may supplant me.” The italics are Pru- 
fessor Bell’s. The conclusion which I reach from all the foregoing, 

I think, entirely confirms the conclusion I have already attained in 

in a wholly different way. Isaid that I believed that Professor Bell 
had left out reference to transmission of quality of sound in his 

— of March 7th, 1876, purposely, and this is confirmed by Pro- 
essor Bell’s own statement on the Toronto drawing, that the onl 

tus shown in that patent, which Professor Cross says will 

— — will, in fact, not do it. It is also confirmed by the 

fact of Bell's having made this statement after drafting the claims 
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for his patent, as he quotes them, said claims including some for the 
transmission of quality, which claims he omitted in his ifica- 
tion of a patent signed twenty-two days after making the Toronto 
drawing, which specification, two days before he signed it, he thought 
described an invention which promised to be of great value if he 
prosecuted his researches diligently. 

Referring now once more to Bell’s two membrane instruments, 
Complainants’ Exhibits 31 and 34, which, in their original form, do 
not, so far as I can discover, appear to have transmitted articulate 
speech, although in their reproduced forms some results of the sort 
seem to have been reached, the consideration of these in comparison 
with what is shown in figure 7 brings me directly to the comparison 
between Bell’s two devices, and to pointing out the differences called 
for by the question. [ have already quoted Mr. Watson’s answer 
with regard to these two instruments, from which it will be seen that 
both of them are provided with means for adjusting the relative dis- 
tance between magnet and armature; whereas I have already pointed 
out that no such means are described or suggested in Bell’s patent of 
March 7th, 1876, and that the same are claimed as an original in- 
vention by Bell in his patent of January 30th, 1877. I have already 
dwelt quite fully on the importance of this contrivance, as affecting 

the practical 3 of a speaking telephone, and it now 
2297 appears that Mr. Bell both knew of it and used it long before 
f e date of his first patent. There was nothing to have pre- 


vented him A e in that patent that I can discover, unless 


he considered, as he has sworn that he does, that in a system of 
multiple harmonic telegraphy transmission of quality as well as 
pitch isof no advantage whatever, and hence that it was perfectly 
open to him to leave out a device which mainly tended towards the 
rativeness of the instrument as a transmitter of quality. The 
absence of the adjusting device from the contrivance shown in the 
tent of March 7th, 1876, and its presence in the contrivance shown 
in the patent of January 30th, 1877, is one difference which renders 
the latter operative while the former is not. In the instrument 
shown in the patent of March 7th, 1876, the armature is hinged to. 
the uncovered leg of the magnet, and connected in some unknown 
way to the centre of the diaphragm. This arrangement doesn’t ap- 
pear to have proved satisfactory, especially with a heavy armature, 
and at all events in the lecture delivered before the Society of Tele- 
graphic Engineers by Professor Bell, in October, 1877, and referred 
to by him in answers to interrogatories 174 to 180, he says that 
with the two membrane telephones, Complainants’ Exhibits 31 and 
34, the results were only “ ially successful,” and that he deter- 
mined to reduce the size and weight of the spring as much as possible. 
For this purpose he says: “I glued a piece of clock-spring, about 
the size and shape of my thumb-nail, firmly to the centre of the 
diaphragm,” and after this he was “enabled to obtain distinctly 
audible effects.” In answer to the 180th — — however, 
Professor Bell says that he applied this clock-spring after the granting 
of his patent of 7th, 1876. 
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March 20, 1882, 2 p. m., qxamination resumed pursuant to ad- : 

journment. 7 

Present: Same counsel. | 
Cross-examination of Mr. PARK BensaMin by Mr. Sronnow 

continued : 7 . 


(Witness continues:) 
The adoption of the thin piece of clock-spring glued to the centre 
of the membrane seems to have been the first step in the advance 
which was consummated in the adoption of a metallic plate. 
2298 By the use of that } me Bell was enabled to suppress the sep- 
arate armature and membrane, and by employing a substance 
unaffected by moisture and not liable to swell and become loosened, 
as does membrane under the influence of the breath, thereby, for 
this reason as well as for others already mentioned, he constructed 
an apparatus in much more operative form. The use of this plate 
is the second point of difference between the two devices named in 
the question. The employment of the permanent magnet in the 
later device also tends to make it a more operative machine than 
— psa contrivance, in which no permanent magnet was em- 
ied. ä 

1 And, finally, in the device shown in the patent of January 30th, | 
= 1877, are combined a number of instrumentalities not combined in . ** 

like manner in the earlier device, the special arrangement of which 
tends to make the instrument more operative and better adapted for * 

practical use. 

— — counsel objects that an argument, which is at- E 


tem to be founded on the evidence and which has been prepared 
) in the manner and at the time stated in the answer, was not called 
| for by the question. 
ai Defendants’ counsel calls attention to the fact that the so-called 
. argument is merely a series of quotations from the testimony of com- 
a plainants’ two principal witnesses, Mr. Bell and Mr. Watson, tending 
| to show what was and what was not accomplished as a matter of 
: | | fact by the instruments referred to in the question and enabling him 
not only to indicate more clearly why the instruments shown in 
re 7 of Bell’s first patent would not operate for the transmission 
of articulate speech, but also enabling him to point out more clearly 
what the changes were that enabled it to transmit speech, and that 
they were made after the date of the first patent, and therefore were 
| necessarily included in the second patent, all of which defendants’ 
| counsel submits comes within the proper scope of an answer to the 
| question. I 


d 560 rn en 
* 


rr Complainants’ counsel objects that the arguments of counsel can- 
| not properly form part of the record of the evidence in the case.) 


XQ. 85. I call your attention to the two instruments which you 
have produced and which are marked “ Defendants’ Exhibit 
Telephone, 1876 Patent.” Will you please measure as carefully as 


— 
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you can and tell me the distance between the centre of the core of 
each electro-magnet and the centre of the armature? , 
2299 Ans. The distance is about one-eighth of an inch in the 
receiver and about three thirty-seconds in the transmitter, as 


the instruments now are. 


X Q. 86. Are they different from what they were when you used 
them, in this respect? . 

Ans. No; the instruments are in the same condition as when I 
used them, except that the studs have become detached from the 
membrane, and possibly more fastening cement may remain in one 
instrument than in another. I merely mention this because it may 
tend to account, possibly, for the difference in the measurement of 
the distances mentioned. 

X Q. 87. Will you please meacure and state the length, breadth, 
and thickness of each armature? 

Ans. Length, one and a half inches in both; thickness, three 
thirty-seconds inches; width, a half inch in both. 

X Q. 88. Please state what passages of the testimony of Professor 
Bell and Professor Cross you referred to in your 62d answer. 

Ans. For Mr. Bell’s statement that yuality is resolvable into the 
elements of loudness and pitch—see his answers to interrogatories 63 
and 64 and his statement in his affidavit on page 19 of complain- 
ants’ moving papers directly to this effect. 

I understand Professor Cross to refer to quality as an element in 
his affidavit in complainants’ moving papers, page 34, at top of 

; also in his testimony, page 30, in answer to in 9. 
fessor Cross’ statement quoted in my answer, and having refer- 
ence to the very slight variations between the sound waves of inar- 
a articulate speech — taken from his affidavit in com- 

lainants’ moving papers, page 27. 

N The statement that the instrument shown at A, re 7, is a most 
essential mechanical modification of A, figure 5, but by reason of the 
entire change of structure from re 7 it has become capable of 
transmitting vocal sounds of all kinds, including articulate speech, 
a at the bottom of pege oan Cross’ affidavit in com- 
inants moving papers for a iminary injunction. Professor 
statement to the effect that pitch, quality, and loudness are 
different things will be found chiefly in his answer to interrogatory 
6, in his testimony, page 23, in which occurs the following para- 


2300 * have used the term quality or timbre ;’ quality is that 
peculiarity of a sound by which, independently of its pitch or 
loudness, we are enabled to determine the instrument by which the 
sound is produced ; thus, for example, the note of a violin differs 
from the note of a flute in quality, even though the two are the same 
in pitch and loudness.” 
believe these are all the statements of Professors Bell and Cross 
to which I have referred in the answer. I should have given the 
sources from which I derived them while making that answer if I 


had supposed . that I would ——— with misrepresenting, as I f 4 
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X Q. 89. Will you please point out the sentences referred to in 
your last answer, either by reading them to the examiner, so that he 
can take them down, or by indicating the first or last words, or 
otherwise ? 

Ans. Read in connection with all of the answers to inte tories 
63 and 64, this sentence from Mr. Bell’s letter of May 4th, 1875, — as 
follows: “ If this turns out to be the case the oscillations of the cur- 
rent should correspond in amplitude, as well as in the rate of move- 
ment, to the vibrations of the string. One consequence would be that 
the timbre of a sound could be transmitted.” Read also, in this con- 
nection, the following sentence from Bell’s affidavit, page 19 of com- 
plainants’ moving papers: Before this time I had perfectly satisfied 
myself that the true and only method for the telegraph is transmis- 
sion of vocal sounds involved as its fundamental element, an appara- 
tus which should transmit amplitude or intensity as well as pitch— 
for ‘quality,’ or timbre, or articulation were ultimately resolvable 
into these two characteristics of vibration, &c., to be transmitted.” 

Professor Cross uses the words elements in the following sen- 
tence, page 30, of his testimony: “ The entire ‘form’ or character of 
this curve can be determined and controlled, as already stated, by 
determining or controlling for each point the length of the abscissa 
and of the ordinate for that point, or, in other words, determining 
or controlling the elements of time or frequency, amplitude or inten- 
sity, and direction ; but it is obvious that it will require very many 
measurements of abscissas and ordinates to determine or control the 
‘form’ of each complete set of vibrations.” The language in the 

affidavit and testimony isthe same. The reference to 27 
2301 of Professor Cross’ affidavit is fully quoted in my 6 rect 

answer. The reference to page 35, fessor Cross’ affidavit, 
has been fully quoted in my direct testimony. 

X Q. 90. In the second puragraph of your 62d answer you say, 
“It will be found, I think, in Professor Cross’ testimony that he him- 
self speaks of quality as an ‘element’ of sound, and as the word ele- 
ment simply means something that cannot be resolved into constitu- 
ent parts, his very use of the term negatives the idea of its resolu- 
tion.” Will you please point out the passage in- Professor Cross’ tes- 
timony where he applies the term “ element” to quality ? : 

Ans. I have already quoted from Professor Cross as speaking of 
the “elements of time or frequency, amplitude or intensity, and di- 
rection.” Read this in connection with what he states in his testi- 
mony, pages 22 and 23, especially at the top of page 23, and it seems 
to me to follow, as a matter of course, that for the words “time or 
frequency ” the word “ pitch ” can be substituted, for the words “am- 
plitude or intensity the word “loudness ” can be inserted, and the 
word direction similarly may be replaced by the word“ quality.” 
If that is not the logical meaning of what he says I fail to under- 
stand what is, and I would be glad to consider any other significa- 
tion which counsel may suggest. | 

X Q. 91. In the passage which I have quoted from your 62d an- 
swer you say that Professor Cross “ himself speaks of quality as an 

sound,” and you draw aconclusion from what you style 


. * ~~ * 


Pi a . ah : 


— 


fectl 


‘ find in Professor Cross testimony two words in the same sentence 
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“his very use of the term” element. What I would like to have 
you do would be to point out and read the sentence in which he 


speaks of “ quality ” as an “ element.” 
Ans. In his answer to the 9th interrogatory Professor Cross pro- 
uces a curve which, he says, represents the motion of a particle 
under the influence of sound waves, and he uses the word “ element ” 
in the following sentence: The entire form or character of this 
curve can be determined and controlled, as already stated. by deter- 
mining or controlling for each point the length of the abscissa and 
of the ordinate for that point, or, in other words, determining or con- 
trolling the elements of time or frequency, amplitude or intensity, 
and direction ; but it is obvious that it will require very many meas- 
urements of abscissa and ordinates to determine or control 
2302 the form of each complete set of vibsations.” This is the 
sentence referred to in my previous answer. 

X Q. 92. In that sentence Professur Cross applies the word ele- 
ment” to time or frequency, to amplitude orintensity, and direction. 
I wish you would point out where you find “his very use of the term 
‘element,’ as applied to quality, because in = 62d answer you 
seem to attach some importance to the use which you said he made 
of that term, as applied to quality. 

Ans. AsI said ina Pp ing answer, the word “ direction” in the 
foregoing quotation I think may be replaced by the word “ quality,” 
and as to the importance which I applied to Professor Cross’ state- 
ment in that respect, I am not aware that I ctated that I ed 
it of any ial import other than as corroborating what I take to 
be the general tenor of meaning of his statements with regard to the 
matter. 

X Q. 93. I wish you would read any from Professor Cross’ 
testimony wherein you find the words “ element ” and “ quality ” in 
the same sentence. 

Ans. I have never said nor insinuated that the words element 
and “quality ” were in the same sentence, and counsel knows it 
well. I have endeavored to give what I understand to be 
Professor Cross’ 2 and I have also stated fully the nds 
of my understanding. If the counsel proposes to bar out all infer- 
ences in this case, and require specific statements for every fact, then. 
he renders it certain that the speaking telephone is not described in 
Bell’s patent of March 7th, 1876, because there is no statement what- 
ever in that patent that any instrument there shown is capable of 
transmitting articulate speech. 

(Answer objected to by Mr. Storrow as not responsive.) 


X Q. 94. Can you, in point of fact, find any sentence in Mr. Croes’ 
8 which contains both those two words, element and 
“ quality ?” 

‘ana It would be just as reasonable to ask me whether I could 


in the Kopti 
have 1 aaid thas 


age. I haven’t said I could do this; neither 
could find the words “ element” and “ quality ” 


. “3 7 2 * 3 pa — 3 * 4 
6̈ßü! 8 < 
3 3 Sns 


a ai % . 
rr 


> a 7 n r 2 „ 
2 F 
PP — — —— — — 
7 . * 
7 


| length that the depositi 
2 6 tions 
bina 
ies 2 
r 5 , : 
; — 933 es we 
eek 54 2 1 1 . 1 n — e . 2 ae - 1 


2160 


2303 (All the answer, except the last two words, objected to by 
Mr. Storrow as i nsive.) 


X Q. 95. In the first 
to a statement which you said will be found on 19 of Mr. Bell’s 
affidavit, and also, you believe, in his testimony. In the same para- 
graph you said: ed at in this way, it will be seen that Mr. 

’s statement, made long after he had obtained his patent of 
March, 1876, might easily twisted into a bearing on this case, 
which would lead the court astray, even if that object were wholly 
unintentional.” I suppose, when you so testified, you did not re- 
member that one of the passages in his testimony which you have 
since referred to in this connection, and the only part of his deposi- 
tion which you have ifically quoted in this connection, is found 
in his letter of May, 1875, which letter constitutes the whole of his 
63d answer, did you? . 

Ans. That question involves a singular distortion of facts, owing 
to some lapse of memory, I fear, now on the part of counsel. It is 
not true that the only part of Mr. Bell’s statements that I have . 
cifically quoted is taken from his letter of May 4th, 1875. On 
contrary, in my anewer to cross-question 89 will be found quoted in 
full a sentence taken from the body of Mr. Bell’s affidavit, embody- 
ing the specific statement of what I take to be his opinion, in the 
words “for ‘quality’ or timbre or articulation were ultimately resolv- 
able into these two characteristics of vibration.” That affidavit ap- 
— to have been sworn to by Mr. Bell on the sixth of September, 


X Q 96. Did you not observe, when the preceding question was 
read, that it lly stated that the from the letter was the 
only passage specifically quoted in this connection from Mr. Bell’s 
deposition 


Ans. Certainly I did, and the other passage to which I referred in 
my answer was also quoted from a deposition of Mr. Bell made in 
this case. In fact, the last deposition appears to have been made in 
this particular case, while the other one appears to have been taken 
in some other case and stipulated into this une. In my previous 
answers I refer to both of the depositions indifferently, assumi 

‘that both set forth Mr. Bell’s sworn statements. If counse 
2304 desires me to restrict myself to the consideration of either one 

of them, it would avoid ambiguity if he would state the fact 
ere R his question. 

X Q. 97. Have not both you and counsel in this case, in taking 


your deposition, distinguished between the preliminary affidavits 


‘did 


and the testimony specially introduced for final hearing, by sty 
one “affidavit” and the other “deposition” or “testimony,” and 
you not apply this very distinction to Mr. Bell in the first para- 
graph of your 62nd answer, which was referred to in my question? 
Ans. It is very likely we did, and that is just what 1 am tryi 
to get counsel todo. The affidavits are, I think, rather more 
than the depositions in — — facie case; contain statements at 
not 


ae ee 


> 


ph of your 62d answer you referred 


so contain. I have endeavored 
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usually to distinguish between them, by speaking of the affidavits 
_ as forming pert of complainants’ moving — a preliminary 

injunction, and of the testimony as taken in complainants’ prime 
facie case. Counsel, in his question, merely spoke of “depositions,” 
‘which I understood to mean all the testimony of Professor Bell, 
whether contained in one place or another. 

X Q 98. Has the word “deposition” been applied to deacribe the 
affidavits, either by yourself or by counsel, in any answer or ques- 
tion in your deposition? 

Ans. I am sure I don’t remember. I may have used it and I may 

not. If I did, the use was inadvertent on my part, for I generally 
meant to describe the affidavit in the terms already stated. I don 
see what this has got to do with the understanding which I formed 
of counsel’s question, which I have now fully explained, and which, 
if he thinks it was erroneous, he could easily correct by a word or 
two. 
XQ 99. When you gave that part of your testimony which is set 
down in the first paragraph of your 62nd answer did you, in fact, 
have in your mind the letter of May 4th, 1875, which constitutes 
Mr. Bell’s 63rd answer? | 

Ans. I cannot say that I did. I simply meant to say that Mr. 
Bell had made such and such a statement in his testimony. Of 
course, I had seen the statement in the letter, but in my answer, as 
stated, I had reference merely to the fact itself, and not tu the form 
in which it appeared. 

2305 - Adjourned until March 21st, 1882, at half-past ten o'clock 
a. m. 


March 2lst, 1882, 10.30 o’clock a. m., examination resumed pur- 
suant to adjournment. 


Present: Same counsel. 


Cross- examination of Mr. Park Benjamin by Mr. Sronnow 
continued : 


X Q 100. In your 90th and 92d answers you allude to two 
seges of Professor Cross testimony and say, in substance, as I u 
stand you, that the word “direction” in one of the passages which 
you quote may be replaced by the word“ quality); “time or fre- 
quency ” may be replaced by the word pitch;” amplitude or in- 
tensity may be replaced by the word loudness.” you think 
that t three sets of words are so far correlative in acoustics that 
the one can be replaced by the other in such statements as those in 
Professor Cross” deposition, which you have quoted or referred to in 


those answers? 
uestion is Profes- 
„ and fre- 
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interruption, the direction of change, the amplitude or violence of 
change, and the frequency of change in the current, and thus make 
these conform to the varying changes of motion in the air particles 
due to the voice of the speaker. These three kinds of change—in 
direction, in amplitude, and in frequency—cover all the variations 
of motion and all the variations of current strength involved.” Va- 
riations in direction, variations in amplitude, and variations in fre- 
quency result in variations in quality, loudness, and pitch. 

X C 101. Will you please to examine Professor Cross’ 6th an- 
swer, and state what paragraphs or what sentences in that you think 
are correct, and what paragraphs or what sentences you think are 
wrong, indicating them in such a way as may be most brief and 
convenient? 

Ans. I do not now notice any error in the answer, from the begin- 
ning down. through that paragraph, ending with the words “desired 
sound at will.” anger with all the rest of the answer, so far as 


it relates to Bell’s patent No. 174,465, March 7th, 1876. 1 


2306 agree with the last four paragraphs of the answer, beginning 
with the words no form of transmitter.” 

X Q 102. I observe that you limit your disagreement with him 
as to part of his answer by the phrase “so far as it relates to Bell’s 
patent of March 7th, 1876.“ I infer from that limitation that you 
agree with him that a true and operative speaking telephone a 


ratus would act, as he states in the referred to; but that . 


you think that the apparatus described in Mr. Bell’s said patent is 
not an operative speaking telephone and will not so act. Do you 
intend to make a distinction of such a character? 

Ans. I think that idea is correct. 

X Q. 103. Not far from the middle of your 16th answer, and as 
— of the statement of your opinion about Mr. Bell’s first patent, I 

nd this clause: If the instrument was not capable of transmitting 

articulate + owe before the cone and membrane were added it cer- 
tainly could not do so by their aid; do you think that a correct 
statement? 

Ans. Yes, sir; I do. 


X Q 104. In the last paragraph of your 12th answer you speak. 


of using, in the fall of 1877, two small hand Bell telephones in the 
ordinary well-known form, which were sent to the office of the 


Scientific American for examination. Are those the instruments 


which are figured in the Scientific American article of October, 
1877? 
Ans. I cannot say; my impression is that I had the instruments 
later than that date. e 
(Complainants’ counsel puts in evidence the said article, to be 
marked Complainants’ Exhibit Scientific American, Article of Oc- 
tober 6th, 1877.) 
2307 At a stated term of the circuit court of the United States of 


America for the southern district of New York, in the second 
circuit, held at the United States court-rooms, in the city of New 
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is heard in 


York, on Monday, the thirtieth day of March, in the year of our 
Lord one thousand eight hundred and eighty-five. 


Present: The Honorable William J. Wallace, circuit judge. 
2 Tue American Bett TINTO Company e al. 


ve. 
THe MOLECULAR TELEPHONE Cour e als. 


The above cause coming on this day for final hearing upon plead - 
ings and proofs, Mr. Chauncey Smith is heard in behalf com- 
plainant. 
(Further argument adjourned to 31st inst.) 
2308 At a stated term of the circuit court of the United States of 
America for the southern district of New York, in the second 
circuit, held at the United States court-rooms, in the city of New 


York, on Tuesday, the thirty-first day of March, in the year of our 
Lord one thousand eight hundred and eighty-five. 


Present: The Honorable William J. Wallace, circuit judge. 
Tue AMERICAN Bett TELEPHONE Company e al. 


v8. , 
Tre MoLecuLaR TELEPHONE Company d als. 


Argument in the above cause being resumed this day, pursuant 
to roment, Mr. Chauncey Smith concludes his argument in 
behalf of the complainants. Mr. Wheeler H. Peckham is heard in 
behalf of the defendants. | 


(Further argument adjourned to April Ist.) 


2309 At a stated term of the circuit court of the United States of 

America for the southern district of New York, in the second 
circuit, held at the United States court-rooms, in the city of New 
York, on Wednesday, the first day of April, in the year of our Lord 
one thousand eight hundred and eighty-five. 


Present: The Honorable William J. Wallace, circuit judge. 
THe AMERICAN BLT TELEPHONE Company d al. 


v8. 
THe MOLECULAR TELEPHONE ComPANY e als. 


Argument in the above cause on pleadings and proofs being re- 
sumed this day pursuant to adjournment, Mr. Edward A. Dickerson 
beh f of complainants. 


. (Further argument adjourned to Thursday, April 2nd, ’85.) 
2310 At a stated term of the circuit court of the United States of 


‘ . America for the southern district of New York, in the second 
circuit, held at the United States court-rooms, in the city of New 
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Vork, on Thursday, the second day of April, in the year of our Lord 
one thousand eight hundred and eighty-five. 
Present: The Honorable William J. Wallace, circuit judge. 


THE AMERICAN Bett TELEPHONE ComPANY d al. 
v8. 
THe MoLEcuLAR TELEPHONE CoMPANY é als. 


Argument in the above cause being resumed this day 2 
to adjournment, Mr. Dickerson concludes his argument in behalf of 
the complainants. ck 


2311 United States Circuit Court, Southern District of New York. 
Tue AMERICAN BELL TELEPHONE Company et al. 


v8. 
THe MoLecuLAR TELEPHONE Company e al. 


WaALLAck, I.: 


Infringement is all of the fiſth claim of the patent granted to 
Alexander Graham Bell, No. 174, 465, bearing date March 7, 1876, 
for improvements in telegraphy, and of the fifth, sixth, seventh, and 
eighth claims of the patent granted to Bell, No. 786,187, bearing 
January 30, 1877, for improvements in electric telephony. 

The fifth claim of the first patent is for “ the method of and ap- 
paratus for transmitting’ vocal or other sounds telegraphically, as 

herein described, by causing electrical undulations similar in 
2312 form tothe vibrations of the air accompanying the said vocal 
or other sounds, substantially as set forth.” . 

The scope of the invention thus claimed, and the construction 
which the claim should receive, were considered and decided in the 
cases of this complainant against Spencer and this complainant 
against Dolbear by the circuit court for the district of Massachu- 
setts. In the Spencer case it was held by Lowell, J., that Bell dis- 
covered a new art, “ that of transmitting speech by electricity, and 
has a right to hold the broadest claim to it which can be permitted 
in any case, not to the abstract right of sending sounds by tele- 
graph without any regard to means, but to all means and processes 
which he has both invented and claimed.” It was also held that the 
essential elements of the method are the production of what the patent 

call- undulatory vibrations of electricity to correspond with 
2313 those of theairand transmitting them toa receiving instrument 

capable of echoing them, and that an apparatus in which 
the transmitter was made on the principle of the microphone was 
an infringement of the fifth claim of the patent. In Dolbear’s case 
it was held by Gray, J., that the invention claimed is not merely 
the apparatus described, but also the general process or method by 
which the human voice produces in a current of electricity a guc- 
cession of electrical disturbances, not sudden and intermittent or 
pulsatory, but gradual, oscillatory, vibratory, or undulatory, so as 


to give out at the further end of the conducting wire sounds exactly 
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_ form to those produced by the human voice. 
that these vibrations could be transmitted and 


ferent ways of g : 
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corresponding in loudness, in pitch, and in tone, character, or —_ 
ity to the sounds committed toit at the nearerend. The defendants 
use a telephone apparatus consisting of a speaking microphone 
transmitter and a magneto-receiver. 
2314 The defense upon which they principally rely is that their 
apparatus is substantially such as was made by Reis, of Ger- 
many, in 1860, and described in numerous publications before the 
date of Bell’s invention, and they insist that if the fifth claim of the 
tent is not void for want of novelty, in view of its anticipation 

y Reis, its scope is restricted, and that the claim and method of 
Bell is confined, to apparatus in which a magneto-transmitter is 
used; and upon this construction, as they use a microphone trans- 
mitter, they insist they do not infringe. 

In the Spencer case the Reis instrument was relied upon to defeat 
the patent or limit the construction of the fifth claim. It was said 
of his apparatus in that case by Judge Lowell that “the re- 
2315 t of all its admirers was that articulate speech could not 
sent and received by it. The deficiency was inherent in 
the principle of the machine. A century of Reis would 
never have produced a speaking telephone by mere improvement 
in construction.” Unless the evidence, so far as it relates to thie 
branch of the defense, er distinguishes the case from the 
Spencer case the decision there should be controlling, and it would 
be unseemly, when the parties can resort to an 92 tribunal 
for a review, to disregard the rule of comity which should prevail 
between courts of co-ordinate jurisdiction. 

Additional testimony has been introduced by the defendant to 
show that the Reis apparatus is a speaking telephone, although the 
inventor never sup it to be capable of —— articulate 

speech, and although it has always been conceded by the most 

2316 eminent authorities to be incapable of doing so, until some 
of the experts in the present case have brought themselves to 

a different opinion. Reis himself undoubtedly believed that the 
transmitter in his apparatus acted by making and breaking the 
electric circuit, and it is conceded that an apparatus operating upon 
this principle is not capable of the transmission of musical sounds. 
Bale method consisted in employing an undulatory current of 


electricity in contradistinction to an intermittent or pulsatory one. 


He was not the first to employ the so-called undulatory current of 
electricity, but he was the first to utilize it for copying and trans- 
mitting air vibrations exactly corresponding in 1 rate, and 
is discovery was 

ied by the use of 
such a current, and his invention in devising 

2317 suitable apparatus for producing the undulations upon a line 
wire and communicating the vibrations to this current at 


break the electric current, but shall 
cally continuous electric current 
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armature in front of an electric magnet, or by varying the resist- 


ance in the electric circuit, but these were not of the essence of his 
invention. | 
The microphone, according to Prof. Hughes, “ introduces into an 
electric circuit an electrical resistance which varies in exact accord 
with the sonorous vibrations, so as to produce an undulatory current 
of electricity from a constant source, whose wave, length, 
2318 height, and form is an exact representation of the sonorous 
waves.” 
Asearly asin 1854 Boursel described essentially theapparatus made 
by Reis in 1861. He said: “Could there now be invented a metallic 
which should be so movable and pliable that it reproduces all 
the vibrations of tones like the air, and should this plate be so con- 
nected with an electric current that it should alternately make and 
break the electric current according to the air vibrations by which 
it is affected, it would thereby be possible also to arrange electri- 
cally a second similarly constructed metal plate so that it would 
repeat simultaneously exactly the same vibrations as the first plate, 
and it would then be exactly the same as if one had spoken in the 
immediate vgn ig this second plate, or the ear would be 
affected precisely as if it had received the tones directly 
2319 through the first metallic wall.” 
Several modifications of the apparatus devised by Reis are 
described by Legat, Pisco, Vanderweyde, and others, and all agree 
that the diaphragms of the transmitters were intended to operate so 
as to sever or break the electric circuit at each vibration when actu- 
ated by sound waves, and, as constructed, did operate in this way. 
The first transmitter made by Reis, a model of which is among the 
exhibits in the case, was a block of wood having a conical perfora- 
tion with a membrane diaphragm covering the smaller end. A 
strip of platina was fastened to the centre of the diaphragm, upon 
which rested a platina point located upon a thin strip of metal; this 
point, with the platina strip upon the diaphragm, were the terminals 
of the circuit. 
In another form the diaphragm was fastened to the smaller 
2320 end of a metal cone, a pivoted lever was held by a light spring 
in contact with the centre of the diaph „and the other 
ond of the lever was in contact with an adjustable spring. 

In both of these forms, as well as in the other modifications, which 
it is not necessary to describe, the contact point is so arranged that 
it does not follow the retreating membrane responding to the air 
vibration, but an interval occurs which intercepts the next outward 
movement of the diaphragm. During part of a vibration the two 
electrodes approach each other, move er, separate, and then 
move in the same direction, but not er. 

In 1869 Mr. Vanderweyde exhibited and made public experiments 
with the 2 in the city of New York, and shortly after 

pa : a description of the instrument used by him. In 
2321 his description he distinctly states that it is entirely clear that 
no quality of tone can be transmitted. “Much less,” he says, 


Be “can articulate words be sent, notwithstanding the enthusiastic pre- 
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diction of some persons who, when they first beheld this 

in operation, exclaimed that now we would talk directly 

the wire. It is from its nature able to transmit only pitch and 
r-ythm, consequently melody, and nothing more.” 

The theory now is that the Reis apparatus really embodied the 
method of mi e transmission and that its mechanism will 
operate to vary the resistance in the electric circuit. Mr. Vander- 
weyde is produced and testifies that he considered, at the time of 
these experiments, that the mechanical action of the adjustment was 

an alternate make and break of the current, but he now has 
2322 — — and „5 
tion iaphragm supporting tinum foi 
duces a more or less intimate contact between that foil and the Rat 
inum point, and thereby produces a variation in the resistance to 
the current, resulting in a corresponding variation in the 
amount of the current transmitted. 

It is asserted in argument by defendant's counsel that the Reis ap- 

needs “ but the mechanical improvement of the apparatus, 
such as a slight weight on the top of the platinum rod or a substi- 
tution of n for the electrodes, to make that apparatus a better 
speaking telephone than can be made of the Bell apparatus as de- 
scribed in his first patent. The testimony of Mr. Yeates may be re- 

- ferred to as illustrating the character of the ical 
2323 modifications which are practicable. After describing some 

improvements made by him in the receiver, he says he turned 

his attention next to the Reis transmitter and discovered “that the 
chief defect in it was the too freely tossing of the little contact pi 

hich it rested,” and the first which 


another part of the building; that m 
intermediate. His first and later i 
2324 : eates 


En ‘the evidence is only important for the 
showing — of the Reis apparatus with — en 
fications to anticipate the invention of the speaking 
After Bell has pointed out the way it may now seem to be 
thing to introduce his method into the Reis apparatus. 
the experts have doubtless convinced themselves that these modifi- 
cations of the Reis apparatus do not involve any difference in the 
principle of the apparatus. It is too late to accept 
of so many years of fruitless experimen 
original suggested by Boursel, and with the 
promulgation of Bell’s method. I 
2325 to escape the conviction that had the 

left whore it wae left by Reis and 
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to develope and perfect his theory it would only have realised the 
speculations of rsel. The testimony which has been intro- 
uced by the defendant only serves to confirm the opinion of Jud 
Lowell “that a century of Reis would never have produced the 
speaking telephone by mere improvement in construction.” 

The answer alleges the invention and public use of the speaking 
7 by various persons named therein prior to the invention 
0 > 

The argument of counsel has been addressed to the question of 
priority as between Bell and one Holcomb, and as between Bell and 
one Beardslee, who is not named in the answer as a prior in- 

ventor. 
2326 Holcomb asserts that he made his invention in 1860. His 
theory is that in the winter of 1859-’60 he invented a polar- 
ized electro-maynet, which was an extremely sensitive one and was 
capable of receiving articulate speech, and was patented by him in 
May, 1860, and about the time of procuring that patent he conceived 
‘the idea of converting the force of the human voice into electricity; 
that early in the fall of 1860 he constructed a telephone consisting 
of one of his polarized magnets; a wooden diaphragm, mounted on 
a box or mouth-piece, and a U-shaped, soft-iron armature attached 
to the diaphragm, extending towards and in proximity to the ends 
of the polar extension of the magnet, but not touching them, the 
diaphragm box and the magnet being secured to and held in their 
relative positions by a base common to both. He states that 
2327 soon after completing this instrument he made a duplicate of 
it and connected the helices of both of the magnets in a com- 
plete or closed electrical circuit; that while listening at one of the 
instruments he was able to hear and recognize articulate words 
en into the mouth-piece of the other instrument by other per- 
sons, and that he used these instruments on several occasions and 
showed them to several persuns. He states that his telephone then 

embodied all the essential features of the present telephone. 

He did not file an application for a patent until January, 1878. 
The instruments which he says he constructed are not produced, 
but all the parts are lost except a permanent steel magnet, a sound- 
ing box, a steel bow with a brass attachment, a brass clamp, and 

some broken pieces of the dia No witness is pro- 

2328 duced in corroboration of Holcomb, who heard the instru- 
ments used, except Holcomb’s wife, or who were present when 

they were used. Several witnesses are produced, however, men of 
intelligence, who were interested in Holcomb’s electrical mechanism 
and were more or less familiar with what he had accomplished, but =r 
none of them seemed to be aware that he claimed to have succeeded 
in transmitting h by the apparatus which he had made. In 
June, 1861, he obtained a vere for other electrical mechanisms. 
From 1862 or 1863 to 1875 he does not seem to have made any efforts 
to perfect his telephone mechanism, and it was not until Bell’s in- 
vention had attracted general public interest that he resumed his 
: efforts to perfect it. mmr —— iod he was so indifferent 
2229 to the importance of what he had accomplished that he suf- _ o 
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was not in indigent circumstances, and it appears that he bought a 
farm in Maryland in 1862. Fle was fully competent to ; 
Are merit and value of his invention if he had ly suc- 
ed in transmitting speech with his mechanism. He does not 
vouchsafe any explanation why for a — of fifteen years he per- 
mitted his invention to lie dormant. The presumption of . 5 
and validity — bares the grant of letters patent cannot be over 
thrown by a case like this; it suggests too many improbabilities to 
merit serious consideration. 

In August, 1878, a suit was brought by the present complainants 
against the. Western Union r Company for infringement of 

the patent in suit. Mr. Pope was then the electrician of tha‘ 

23291 company, and was aware that Holcomb had made an appli- 

4 cation for a patent. The company set up the priority of Hol- 
comb, among other defenses, in that suit. 

Mr. Pope investigated Holcomb’s pretensions and had an inter- 
view with him in reference to the defense of the suit. He ques- 
tioned Holcomb to ascertain whether he could produce any witnesses 
to substantiate hisstatement that hehad transmitted articulate speech 
by means of his apparatus. Holcomb could tell him of no living 
witness. Asa result of this interview Mr. Pope concluded it was 
not advisable for the Western Union Telegraph Company to pur- 
chase Holcomb’s rights, and Holcomb was not called as a witness to 
substantiate the defense. The impression produced upon Mr. Pope 
was such as would be derived by any sensible man by an investi- 

gation of the facts and circumstances. 
2330 For the purpose of corroborating Holcomb the defense pro- 
duced Mr. Beardeell us a witness. He testified that Dr. Brad- 
ley, an acquaintance of his, brought Holcomb to see him, and he 
described an instrument which Holcomb exhibited to him on that 
occasion, which he thinks was some time in 186] or 1862. He tes- 
tified that Holcomb claimed that by the use of such instruments 
he could communicate sounds and words at a distance through an 
electric current. Upon the cross-examination of this witness he 
testified that he himself made immediately after that interview sev- 
eral organizations to test for his own satisfaction the correctness of 
Holcomb’s assertions about his instrument. He said the instruments 
thus made demonstrated that the human voice could be conveyed 
by the means pointed out by Holcomb, but he saw nothing to 
2331 indicate that they would operate at great distances, he 
never took any further interest in them, but regarded them 
as a mere toy. a 

Upon this testimony it is urged for the defendants tt at the Beard - 
sell instruments defeat the novelty of the patent. 

It suffices, without further remark, to say of the defense that the 
instruments are not produced and have neyer — publicly used, and 
that the witness, who is a mechanical fully qualified to 
appreciate their merits, never regarded a of any practical 
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have not been discussed by counsel. The fifth claim of that —.— 
is the formation in an electric telephone such as herein 
2332 shown and described of a magnet with a coil upon the end 
or ends of the magnet nearest the plate.” 
The novelty of the magnet described in the specification is con- 
troverted by defendant’s expert, Mr. Young, and he relies upon a 
reference to the magnet in Hughes’ printing telegraph as described 
in Schellen’s work. This reference apparently describes the magnet 
of the patent. The claim is not for a combination of which the 
magnet is a constituent, and in the absence of any explanation 
upon the part of the complainants of the description in Schellen 
the novelty of the claim seems to be negatived. 
Infringement of all the claims of this patent is established by the 
testimony of Mr. Cross. 
There should be a decree for the complainants upon the fifth 
claim of the first patent, and upon the sixth, seventh, and eighth 
claims of the second patent. 


2333 Endorsed: United States circuit court, southern district of 
New York. The American Bell Telephone 8 e al. 
allace, J. 


ve. The Molecular er rig Company et al. Opinion. 
U. S. circuit court. Filed June 24, 1885. Timothy Griffith, clerk. 


2334 At a stated term of the circuit court of the United States in 
and for the southern district of New York, held at the city 
of New York on the 29th day of June, 1885. 


Present: The Honorable William J. Wallace, circuit judge. 
AMERICAN BLI. TELEPHONE CoMPANY et al. 


1 . 
THe MoLEcuLAR TELEPHONE Company e als. 


This cause came on to be heard at the February term, 1885, of 
said court, and was argued by counsel for the respective parties, and 
3 and upon consideration thereof, it is found and hereby 
0 : adjudged, and decreed that the several — — upon 
which this suit is brought, viz: Letters patent gran to Alexan- 

der Graham Bell for an improvement in telegraphy, dated 
2335 March 7, 1876, and numbered No. 174,465, and letrers patent 
granted to said Bell for an improvement in electrictelegraphy 
numbered No. 186,787, and dated January 30th, 1877, are good and 
valid in law ; that the said Alexander Graham Bell was the original 
and first inventor of the inventions described in said several letters 
tent Nos. 174,465 and 186,787; that the title thereto, and to the 
inventions deseribed and claimed therein, is vested in the complain- 
ants, and that the defendants have infringed the fifth claim of said 
letters patent No. 174,465, and the sixth, seventh, and eighth claims 
of said letters patent No. 186,787, and the exclusive rights of the 
complainants under the same. 

And it is further ordered, adjudged, and decreed that the com- 

plainants do recover from the defendants the profits, gains, and ad- 
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have arisen or accrued to them by reason of 
said defendants of the said fifth claim of said 
174,465, and the sixth, seventh, and eigh 
Patent No. 186,787, since the 22d day of June, 1880, 


eth yen ee! adjudged, and — that at 
uest of the cou or the ve i especiall 
— n of the convenience Gor retorenee to the exhibits 
filed in the case, it be referred to John A. Shields, 
court, to ascertain and take and state and report 
account of the gains, profits, and advantages which 
rr 
ei „ by reason of any infri ent by or 
them, of the said several letters patent since the 22d day 
Sp a 
erein by reason of any infringement by 
dey of June, 1880. 
23386 And it is further ordered, adjudged, and decreed 
complainants, on such accounting, have the right to 
examination of the said defendants, ore tenus or otherwise, 
the nr of the books, vouchers, and documents of 
fendants, and that the said defendants attend for such 
said master, from time to time, as said master shall direct. 
And it is also further ordered, adjudged, and decreed that a per- 
petual injunction be issued in this suit against the said defendants 
enjoining and restraining them, and each of .them, their and each 
of their clerks, attorneys, agents, servants; and workmen, and all 
others acting under or with them, from making, — Po using 
the said improvements patented as aforesaid, or either of them. 
(Signed) WM. J. WALLACE. 


(Endorsed:) U. S. circuit court, so. dist. of New York. In equity. 

American Bell Telephone Company d al. ve. The Molecular 

— 2 wee e@ al. Interlocutory decree. U. S. circuit court. 
ed June 29, 1885. Timothy Griffith, clerk. (Seal.) 
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city of New York, on the 21st day of August, 1885. 
Present: The Honorable William J. Wallace, circuit judge. 
AMERICAN Bett TriePHone Company and Mesrroroiiran TI 
* PHONE AND TELEGRAPH CoMPANY — 


vs. : 
Mo.LecuLakR TATA Company, Groner Bert, SA. H. Ban. 
ett, Hewny E Wars and Jon I. Wannen. 
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pro in 
mbered No. 174,465, : 
i vement in electric te 


a 
71 


174,465 and 186,787 ; that the ti 
j described and claimed therein, i 
i and that the defendants have infringed 
id letters t No. 174,465, and the sixth, seventh, 
ims of said tent No. 186,787, and the exclusive rights 
plainants under the same. 
d it is further ordered, adjudged, and decreed—the complain- 
ts waiving an account and assessinent of profits and 
accepting a nominal sum therefor—that the defendants, The 
Molecular Telephone Company, George Bell, Samuel H. Bartlett, 
Henry E. Waite, and John I. Waterbury, pay to the complainants 
the sum of one hundred dollars as such profits and dam and 
also costs taxed at the sum of $865.74, and that the complainants 
have j tand execution therefor; and also that the said defend- 
ants, each of them, their and each of their clerks, a 
ts, servants, and workmen, and all others acting under or with 
, be perpetually enjoined and restrained from making, selling, 


Sa oy 
y 
court thereupon prayed an appeal to the Supreme of the 
nited States from the said decree, and every part thereof; and, on 
the motion of defendants, the said appeal was allowed, and the 
ag oe pro the appeal bond fixed at the sum of $2,500. 
the complainants, in like manner, in open court prayed an 
from said decree in ‘so far as it fails to edjndge that the fifth 
m of letters patent No. 186,787 is good and valid in law, and that 
the defendants have infringed the same, and in so far as it fails to 
decree that the relief prayed for in the bill of complaint herein 
— said fifth claim; and, upon their motion, said appeal was 
(Signed) WM. J. WALLACE. 


W Circuit court U. S., south. dist. N. V. American 
2339 Telephone Company and Another vs. Molecular Tele- 


Com d olecular 
and Others Final decree. U-S.circult court. Filed Aug. 21,1986. 


Timothy Griffith, clerk. 
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Tue American Beit Tevterpons Company e al. 


v8. 
* Tue MoLEcuLAR TELEPHONE ComPany e ais. 


It is hereby stipulated between the counsel for the respective 
FRA constitu 
the record to be sent by the clerk of of 
Supreme Court of the United States on the appeal to said 
Court without prejudice to any application side 
the same hereafter ; and it is aleo sti 
— ise may be retained by the clerk of this 
e att E 
1 ibe * 2238 on said appeal in the Supreme 
: nited 


23403 New Ta September 29th, 1885. 
| 5 MILLER, PECKHAM & DIXON, 


WHEELER H. PECKMAM, 
Cunt 


D 
Sg d) DICKERSON & DICKERE 
| Sor for Complainants 
(Endorsed:) U. S. circuit court. Filed Oct. 6th, 1885. 


9341 Circuit Court of the United States of America for the Southern 
District of New York. 


. AmericaN Bett TELEPHONE Company and Mxrnorotrran Tu- 
PHONE AND TELEGRAPH ComMPANY, a Oe and Appellees, 


N Mor ncur an TELEPHONE Cannan’ 4 Groner Batt, Sanum H. Bant- 
tert, Henry E. Warn, and Joan I. Warersory, 
and ede 


Know all men b 


5 


i 


of 


these presents that we, Charles F. Li 
8 Madison avenue, in the city of New — — 
at No. 12 East 40th street, in said 2 
1 the above-named — * 
‘to 


thousand 


ust, in the year of our Lord one 


ern 


Now, — — — — of this obligation 5 such that if the 
above-na appel ts prosecute their said appeal to effect, 
and answer all damages and costs if said appellants fail to make 
said appeal good, then this obligation shall be void; otherwise, the 
same shall be and remain in full force and virtue. 

C. F. LIVERMORE. L. 8. 
JAMES O. SHELDON. II. 8. 


Sealed and delivered and taken and acknowledged by C. F. Liver- 

more, this 8th day of September, 1885, before me. 
(worartaL SAL] (Sg) WM. HENRY KNOX, 
Notary Public N. F. O. 


2843 Acknowledged by James O. Sheldon this 9th day of Sep- 
tember, 1885, before me. 
Iworanktal, snal.] (Signed) GEO. M. WOODRUFF, 
Notary Public, Litchfield, Connecticut. 


Urra Srates or AMERICA, \ 
Southern District of New Pork, 


Charles F. Livermore, being duly sworn, deposes and says: That 
he is worth the sum of five thousand dollars over and above all his 
just debts and liabilities. : 

(Signed) C. F. LIVERMORE. 

Sworn to this 8th day of September, 1885, before me. 

[NOTARIAL SEAL. | . WM. HENRY KNOX, 
Notary Public, N. Y. Co. 


Unitrep States or AMERICA, \ 
Southern District of New Port, 


James O. Sheldon, being duly sworn, deposes and says: That he 
is worth the sum of five d dollars over and above all his 
just debts and liabilities. . 

We'd) JAMES 0. SHELDON. 
2344 Sworn to this 9th day of September, 1885, before me. 


NOTARIAL SEAL. S'g d GEO. M. WOODRUFF, 
(NoraRIAL skal. Geh — l 


STATE OF ConNECTICUT, } re 

County of Litchfield, ' , 

I, William L. Ranson, clerk of the superior court within and for 
said county, the same being a court of record and having a seal 
hereby cnrtfy that — Hoq, was, on the th day 

certi t . ruff, Esq., was, on Vv 
of September, A. D. 1885, and ever since has been, and now is, a 
notary public within and for said county and State, duly appointed, 
commissioned, and sworn, with full power and authority by the laws 
of Connecticat to administer oaths and to take the acknowledg- 
ment of deeds and other instruments; that full faith and credit may, 
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and ought to be, given to his official acte and attestations; that I fl 
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ss * 


* 
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| his genuine official si res, 
a ticated according to the 
om 4 


In teltimony whereof I have hereunto set my hand and affixed 
the seal of said court, at Litchfield, in said county and State, on this 
9th day of September, A. D. 1885. 

[Seal Superior Court, Litchfield County.] 

(Signed) WM. L. RANSOM, Clerk. 


: the within bond and waive sen emt 


Co. & al., plai 
Telephone Co. ¢ al., defendants. Bond for 
a Miller, Peckham & Dixon, a 
2346 Wall St., New York city. LU. S. eireuit court. Filed Sept. 
15,1885. Timothy Griffith, clerk 


9347 Uno Srates or America, 
Southern District of New York, 


cuit, do hereby certi foregoing pages, numbered from one 
to twenty-three hundred and forty-six, inclusive, contain 
eom transcript of the record and proceedings had 
ise cler Telophone Company a ela, ea the sa 

. r a as 
record and on file in said office. 

In testimony whereof I have caused the seal 
be hereunto affixed, at the city of New York, 
trict of New York, in the second circuit, this 6th day 
the year of our Lord one thousand eight h eighty 
and of the Independence of the said United States the one 
and tenth. 

[Seal of the Circuit Court of the South. Dist. of New York.) 


TIMOTHY GRIFFITH, Clerk. 
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1 Wasuineton, D. C., 
No. 2. | Wasuinaton, D. C., May 28, 1881. 3 


May 28, 1881. 
I hereby certify that this is a photograph of the Reis Telephone No. 1. : j 
now in the Smithsonian Institution. I hereby certify that this is a photograph of the Reis Telephon] 


Wm. J. GREEN. now in the Smithsonian Institution. 7 
rr | WX. J. OE. 
J. M. Yznaca. | Witness: 
| J. M. Yznaaa. 
Defendant’s man Smithsonian Reis Transmitter. | ; 
| View 2. Defendant's Exhibit Smithsonian Reis 


| View 1. 
| J. A. WRILon, Sp. Ex'r. 


| J. A. Wetcu, Sp’] Examiner. 
[Introduced in Case, p. 45]. 


[Introduced in Case, p. 45]. 
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| : Wasuineton, D. C., 
4 May 28, 1881. 
No. 4. 


I hereby certify that this is a photograph of the Reis Telephone 
now in the Smithsonian Institution. 


Wm. J. GREEN. 
Witness: f 
J. M. Yznaao. 


Defendant's Exhibit Smithsonian Reis Receiver. 
| View 1. 


J. A. Won, Sp. Ex'r. 


[Introduced in Case, p. 45]. 


WANG rox, D. (. 
No. 3. 


I hereby certify that this is a photograph of the Reis Telephon = | 


now in the Smithsonian Institution. 


Witness : 
J. M. YznaGo. 


Defendant’s Exhibit Smithsonian Reis 


View 2. 
J. A. WELCH, Sp. Ex’r. 


[Introduced in Case, p. 45]. 


“c..2. £a.0 


W. J. GREEN. 


